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APPENDIX A 

The claims 39-41, 43-48, 54-55, 57-58, 60-69 and 71-95 involved in this 
appeal are as follows: 

39. A method for producing a functional antibody comprising a heavy 
chain and a light chain, which comprises the steps of: 

(a) transfecting a non-antibody producing mammalian cell with a first 
DNA sequence coding for a first chain of the antibody; 

(b) transfecting the cell with a second DNA sequence, said second 
DNA sequence coding for a second chain of the antibody, said second chain being a chain 
other than the first chain and said first and second chains being either the heavy chain or 
the light chain, and 

(c) maintaining the cell in a nutrient medium, so that the cell expresses 
the first and second DNA sequences and the resultant chains are intracellular^ assembled 
together to form the antibody which is then secreted in a form capable of specifically 
binding to antigen. 

40. A method as recited in claim 39 wherein the cell is transfected via 
protoplast fusion. 

41 . A method as recited in claim 39 wherein the cell is transfected via 
calcium phosphate precipitation. 




43. A method as recited in claim 78 wherein the cell is a myeloma cell. 

44. A method as recited in claim 43 wherein the cell is a murine 

myeloma cell. 

45. A method as recited in claim 39 wherein the cell does not 
endogenously produce any immunoglobulin chains. 

46. A method as recited in claim 45 wherein the cell is a murine P 3 cell. 

47. A method as recited in claim 39 wherein the cell endogenously 
produces an immunoglobulin light chain or an immunoglobulin heavy chain but not both. 

48. A method as recited in claim 47 wherein the cell is a murine J558L 

cell 

54. A method for producing a functional antibody comprising a heavy 
chain and a light chain, which comprises the steps of: 

(a) transfecting a non-antibody producing mammalian cell with a 
plasmid comprising a first DNA sequence coding for a first chain of the antibody and a 
second DNA sequence coding for a second chain of the antibody, said second chain being 
a chain other than the first chain and said first and second chains being either the heavy 
chain or the light chain; and 
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(b) maintaining the cell in a nutrient medium so that the cell expresses 
said first DNA sequence and said second DNA sequence and the resultant chains are 
intracellularly assembled together to form the antibody which is then secreted in a form 
capable of specifically binding to antigen. 

55. A method as recited in claim 39 wherein the antibody is a chimeric 
antibody comprising a variable region substantially the same as that found in a first 
mammalian source and comprising a constant region substantially the same as that found 
in a second mammalian source, said second mammalian source being from a mammalian 
species other than that of the first mammalian source. 

57. A method as recited in claim 54 wherein the cell is transfected via 
protoplast fusion. 

s 

58. A method as recited in claim 54 wherein the cell is transfected via 
calcium phosphate precipitation. 

60. A method as recited in claim 84 wherein the cell is a myeloma cell. 

61 . A method as recited in claim 60 wherein the cell is a murine 

myeloma cell. 
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62. A method as recited in claim 54 wherein the cell does not 
endogenously produce any immunoglobulin chains. 

63 . A method as recited in claim 62 wherein the cell is a murine P 3 cell. 

64. A method as recited in claim 54 wherein the cell endogenously 
produces an immunoglobulin light chain or an immunoglobulin heavy chain but not both. 

65. A method as recited in claim 64 wherein the cell is a murine J558L 

cell. 

66. A method as recited in claim 54 wherein the antibody is a chimeric 
antibody comprising a variable region substantially the same as that found in a first 
mammalian source and comprising a constant region substantially the same as that found 
in a second mammalian source, said second mammalian source being from a mammalian 
species other than that of the first mammalian source. 

67. A method for producing a functional antibody comprising a heavy 
chain and a light chain which comprises the steps of: 

(a) maintaining in a nutrient medium a non-antibody producing 
mammalian cell, said cell having been transfected with a first DNA sequence coding for a 
first chain of the antibody and a second DNA sequence coding for a second chain of the 
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antibody, said second chain being a chain other than the first chain and said first and 
second chains being either the heavy chain or the light chain; 

(b) expressing from said cell the heavy chain and the light chain 
functionally assembled together to form said antibody which is then secreted in a form 
capable of binding antigen; and 

(c) recovering said antibody. 

68. A method as recited in claim 67 wherein the cell is transfected via 
protoplast fusion. 

69. A method as recited in claim 67 wherein the cell is transfected via 
calcium phosphate precipitation. 

71 . A method as recited in claim 90 wherein the cell is a myeloma cell. 

72. A method as recited in claim 90 wherein the cell is a murine 

myeloma cell. 

73. A method as recited in claim 67 wherein the cell does not 
endogenously produce any immunoglobulin chains. 

74. A method as recited in claim 73 wherein the cell is a murine P 3 cell. 
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75. A method as recited in claim 67 wherein the cell endogenously 
produces an immunoglobulin light chain or an immunoglobulin heavy chain but not both. 

76. A method as recited in claim 75 wherein the cell is a murine J558L 

cell. 

77. A method as recited in claim 67 wherein the antibody is a chimeric 
antibody comprising a variable region substantially the same as that found in a first 
mammalian source and comprising a constant region substantially the same as that found 
in a second mammalian source, said second mammalian source being from a mammalian 
species other than that of the first mammalian source. 

78. A method for producing a functional antibody comprising a heavy 
chain and a light chain, which comprises the steps of: 

(a) transfecting a non-antibody producing lymphoid cell with a first 
DNA sequence coding for a first chain of the antibody; 

(b) transfecting the cell with a second DNA sequence, said second 
DNA sequence coding for a second chain of the antibody, said second chain being a chain 
other than the first chain and said first and second chains being either the heavy chain or 
the light chain; and 

(c) maintaining the cell in a nutrient medium, so that the cell expresses 
the first and second DNA sequences and the resultant chains are intracellular^ assembled 
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together to form the antibody which is then secreted in a form capable of specifically 
binding to antigen. 

79. A method as recited in claim 78 wherein the cell is transfected via 
protoplast fusion. 

80. A method as recited in claim 78 wherein the cell is transfected via 
calcium phosphate precipitation. 

81. A method as recited in claim 78 wherein the cell does not 
endogenously produce any immunoglobulin chains. 

82. A method as recited in claim 78 wherein the cell endogenously 
produces an immunoglobulin light chain or an immunoglobulin heavy chain but not both. 

83. A method as recited in claim 78 wherein the antibody is a chimeric 
antibody having a variable region substantially the same as that found in a first mammalian 
source and having a constant region substantially the same as that found in a second 
mammalian source, said second mammalian source being from a mammalian species other 
than that of the first mammalian source. 
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84. A method for producing a functional antibody comprising a heavy 
chain and a light chain, which comprises the steps of: 

(a) transfecting a non-antibody producing lymphoid cell with a plasmid 
comprising a first DNA sequence coding for a first chain of the antibody and a second 
DNA sequence coding for a second chain of the antibody, said second chain being a chain 
other than the first chain and said first and second chains being either the heavy chain or 
the light chain; and 

(b) maintaining the cell in a nutrient medium so that the cell expresses 
said first DNA sequence and said second DNA sequence and the resultant chains are 
intracellularly assembled together to form the antibody which is then secreted in a form 
capable of specifically binding to antigen. 

85. A method as recited in claim 84 wherein the cell is transfected via 

V 

protoplast fusion. 

86. A method as recited in claim 84 wherein the cell is transfected via 
calcium phosphate precipitation. 

87. A method as recited in claim 84 wherein the cell does not 
endogenously produce any immunoglobulin chains. 

88. A method as recited in claim 84 wherein the cell endogenously 
produces an immunoglobulin light chain or an immunoglobulin heavy chain but not both. 
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89. A method as recited in claim 84 wherein the antibody is a chimeric 
antibody comprising a variable region substantially the same as that found in a first 
mammalian source and comprising a constant region substantially the same as that found 
in a second mammalian source, said second mammalian source being from a mammalian 
species other than that of the first mammalian source. 

90. A method for producing a functional antibody comprising a heavy 
chain and a light chain which comprises the steps of: 

(a) maintaining in a nutrient medium a non-antibody producing lymphoid 
cell, said cell having been transfected with a first DNA sequence coding for a first chain of 
the antibody and a second DNA sequence coding for a second chain of the antibody, said 
second chain being a chain other than the first chain and said first and second chains being 
either the heavy chain or the light chain; 

(b) expressing from said cell the heavy chain and the light chain 
functionally assembled together to form said antibody which is then secreted in a form 
capable of binding antigen; and 

(c) recovering said antibody. 

91 . A method as recited in claim 90 wherein the cell is transfected via 
protoplast fusion. 

92. A method as recited in claim 90 wherein the cell is transfected via 
calcium phosphate precipitation. 
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93. A method as recited in claim 90 wherein the cell does not 
endogenously produce any immunoglobulin chains. 

94. A method as recited in claim 90 wherein the cell endogenously 
produces an immunoglobulin light chain or an immunoglobulin heavy chain but not both. 

95. A method as recited in claim 90 wherein the antibody is a chimeric 
antibody comprising a variable region substantially the same as that found in a first L 
mammalian source and having a constant region substantially the same as that found in a 
second mammalian source, said second mammalian source being from a mammalian 
species other than that of the first mammalian source. 
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15. The text of those sections of Title 35, U.S. Code not 
included in this action can be found in a prior Office action. 

16. Claims 39-41, 43-48,' 54-55, 57-58, 60-69, and 71-95 are 
rejected under 35 U.S.C. § 103 as being unpatentable over Cabilly 
(L,R, or 2A) in view of Gillies (Cell 1983). 
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is not sufficient to motivate one of ordinary skill in the art to 
actually combine Cabilly with Gillies. Gillies is traversed as 
failing to produce a functional antibody because the transfected 
heavy chain is of different specificity than the Traversal 
continues with the argument that the exepectation of success is 
similarly lacking. 

These arguments have been considered but are not deemed 
persuasive. The argument concerning Cabilly is not considered 
persuasive because of the aforementioned specific teaching of 
producing antibodies in mammalian cells. See Cabilly (L) , pages 
18 and 19, for example. While applicants are correct in 
characterizing Cabilly 1 s disclosure as non-enabling for myeloma 
cell production,, Cabilly is only used to teach double 
transfection. Gillies shows the production of antibodies in 
myeloma cells. Morover, Gillies teaches the production of 
proteins in yields approaching wild type. Therefore, such yields 
are considered approximating 100% in comparison to applicant's 
32%. Accordingly, applicant's argued unexpected yields are not 
considered as such. As far as applicant's argument regarding the, 
fact that Gillie's yield is of unassembled protein, such is 
simply not supported by Gillies. Applicants have not pointed out 
the statement in Gillies where the routineer would learn that 
Gillies' protein is not assembled. Absent such a clear disclosure 
to the contrary, it is more reasonable to assume that Gillies' 
disclosed yield is functional. Otherwise, Gillies would not be 
producing the protein. The protein/antibody is of no use when it 
is not functional. 

Applicant's new arguments concerning the alleged failure of 
Gillies to produce functional antibodies ( the exogenous heavy 
chain is of different specificity than the endogenous light 
chain, hence the two chains are not complementary) is noted. 
However, no evidence exists to support applicant's allegation in 
the 3/16/95 response of nonf unctionality . Moreover, review of the 
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Gillies reference does not support applicant's conclusion 
regarding nonfunctionality . As applicants have stated, Gillies is 
primarily concerned with the enhancer element, not the actual 
production of the antibody. Therefore, the reference is basically 
silent on the issue of heavy chain specificity. Therefore, no 
evidence exists on the record to support applicant's assertion of 
nonfunctionality. Further, assuming arguendo, that the heavy 
chain in Gillies is of a separate specificity than the endogenous 
light chain, one of ordinary skill in the art would merely have 
to substitute a complementary heavy chain for that set forth in 
Gillies. The routineer would be motivated to do so because 
transfection with a complementary would be necessary to yield a 
binding antibody. Thus Gillies is applied for what it reasonably 
discloses. That disclosure is the ability of myeloma cells to 
express, assemble, and secrete exogenous antibody chain. 
Accordingly, the rejection is maintained for reasons of record. 

17. THIS ACTION IS MADE FINAL. Applicant is reminded of the 
extension of time policy as set forth in 37 C.F.R. § 1.136(a). 
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STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM 
THE DATE OF THIS FINAL ACTION. 

18. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Examiner 
Nisbet whose telephone number is (703) 308-4204 from 9:00 am to 
5:00 pm weekdays with the exception of alternating Mondays. If 
the examiner cannot be reached, the supervisor, Margaret 
Moskowitz Parr, may be contacted at phone number (703)308-2454. 

The number for facsimile submission of papers has changed. The 
new fax number for Art Unit 1806 is (703) 305-7401. Please 
provide the serial number, application title, examiner's name, 
and art unit on the fax cover sheet to expedite clerical 
processing. In addition, all cover sheets should be marked DRAFT 
or OFFICIAL as appropriate. 

Any inquiry of a general nature or relating to the status of this 
application should be directed to the Group receptionist whose 
telephone number is (703) 308-01%. 
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Restriction to one of the following inventions is required under 
35 U.S.C. 121: 

I. Claims 1-13, drawn to chimeric receptors, classified in Class 
530 « subc 1 ass 387 . 

II. Claims 14-38, drawn to the DNA, mammalian cell line and 
methods of preparing the receptor, classified in Class 435, 
subclass 172. 3+ . 

The inventions are distinct, each -From the other because of the 
fol lowing reasons: r 

Inventions CGroup IID and CGroup ID are related as process of 
making and product made. The inventions are distinct if either 
or both of the following can be shown: (1) that the process as 
claimed can be used to make other and materially different 
products or (2) that the product as claimed can be made by 
another and mater ial ly di fferent process (MPEP 806.05(f)). In 
the instant case the product as claimed can be made by another 
and materially different process such as protein synthesis. 

Because these inventions are distinct for the reasons given above 
and have acquired a separate status in the art as shown by their 
different classification, restriction for examination purposes as 
indicated is propter. 
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During a telephone conversation with Bertan Rawland on October 4, 
1988 a provisional election was made with traverse to prosecute 
the invention of Group II, claims 14-38. Affirmation oi this 

election must be made by applicant in responding to this office 
action. Claims 1—13 are withdrawn from further consideration by 
the examiner, 37 CFR l.l-42(b), as being drawn to a non-elected 
invention. 

Claims 14-38 are rejected under 35 U.S.C. 112, first 
paragraph, as the disclosure is enabling only for claims limited 
to DNA constructs for expression of a chimeric polypeptide which 
xs a subunit of an immunoglobulin molecule. See MPEP 706. 03 (n) 
and 706. 03 (z). 

Subunits of other multi-unit receptors were not enabled (eg. 
IgE receptors, IL-1 and IL-2 receptors, fibronectin receptors and 
other integrins). It would require undo experimentation to 
determine the variable and constant region amino acid and genomic 
sequence homolgies of these receptors for use in cross- species 
chimeric constructions. 

Claims 14, 28, 33, and 36 are rejected under 35 U.S.C. 112, 
second paragraph, as being indefinite for failing to 
particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

Claims 14, 2B and 36 are indefinite by claiming constructs 
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-for a multi-unit receptor, cells, and a method -for expressing a 
multi-unit receptor. Not all multi-unit receptors are taught in 
the instant invention. Is immunoglobulin intended rather than 
the genus multi-unit receptor? If not, which multi-unit receptor 
is intended (eg. an integrin, an IL-1 or IL-2 receptor, or an IgE 
receptor)? Binding activities are associated with numerous 
multi-chain polypeptides <ie. receptor). Please clarify what is 
intended by the multi-unit receptor. 

Claims 28 and 33 are con -fusing and obscuring in the 
recitation " a mammalian cell having first and second DNA 
constructs for expression of different first and second 
subunits... each of said first and second constructs 
comprising...". Since the first and second constructs are 
comprised of the same components, they may be one in the same. 
Wording such as "a mammalian cell having different first and 
second DNA constructs..." would clarify this claim. 

Claims 25-27, are rejected under 35 U.S.C. 112, fourth 

paragraph, as being of improper dependent form for failing to 
further limit the subject matter of a previous claim. 

Claim 25 refers to a promoter in claims 15 or 16 while no 

promoter is specifically mentioned in either claim 15 or 16. 
Claims 26 and 27 fail to further define claims 14-16 by including 
an additional element (ie. a replication system). 
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The -following is a quotation o-f the appropriate paragraphs o-f Z 
U.S.C. 102 that +orm the basis -for the rejections under this 
section made in this 0-f-fice Action: 

A person shall be entitled to a patent unless- 

(a) the invention was known or used by others. in this 
country, or patented or described in a printed publication in 
this or a -Foreign country, be-fore the invention thereof by the 
applicant -for a patent. 

A person shall be entitled to a patent unless 

(b) the invention was patented or described in a 
printed publication in this or a -foreign country or in public use 
or on sale in this country, more than one year prior to the date 
o-f application -for patent in the United States. 

Claims 14-34 and 36 are rejected under 35 U.S.C. 102 <b) as being 
clearly anticipated by Cabilly <L) . 

Cabilly teaches various DNA constructs -for the ' expression o-f 
chimeric immunoglobulin heavy chains, chimeric immunoglobulin 
light chains, chimeric immunoglobulins, and chimeric 
immunoglobulin -fragments (ie. chimeric subunits o-f a multiunit 
receptor). Cabilly teaches various expression vectors -for use in 
either prokaryotic or eukaryotic host cells <See page 15 lines 6- 
29). Cabilly also teaches the use o-f eukaryotic host cells, 
including various mammalian cell types (page IB line 6-34 and 
page 19 lines 1-8). Further, Cabilly teaches the use o-f the 
regulatory elements required -for expression in vertebrate cells 
(page 18, lines 11-14). Finally Cabilly teaches the coexpression 
o-f both the heavy and light chains of immunoglobulin in the same 
host (page 23 line 29-30). Thus, all aspects o-f the instant 
invention, except -for expression specifically in murine myeloma 
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cells, was taught by Cabilly. 

The following is a quotation of 35 U.S.C. 103 which -forms the 
basis for all obviousness rejections set -forth in this Office 
Action: 

A patent may not be obtained though the invention 
is not identically disclosed or described as set 
-forth in section 102 of this title, l-f the dif- 
ferences between the subject matter sought to be 
patented and the prior art are such that the sub- 
ject matter as a whole would have been obvious at 
the time the invention was made to a person having 
ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be nega- 
tived by the manner in which the invention was 
made. 

Subject matter developed by another person, which 
qualifies as prior art only under subsection (f) 
and <g) of section 102 of this title, shall not 
preclude patentability under this section where the 
subject matter and the claimed invention were, at 
the time the invention was made, owned by the same 
person or subject to an obligation of assignment to 
the same person. 

Claims 35, 37-38 are rejected under 35 U.S.C. 103 as being 
unpatentable over Cabilly CD. 

Cabilly teaches the use of eukaryotic host cells , including 
vertebrate cell hosts <pages IB and 19). In the absence of 
unexpected results, it would be obvious to use myeloma cells as a 
type of mammalian cell as taught by Cabilly. It would be 
particularly obvious, to use myeloma cells to express a DNA 
construct whose major regulatory and coding sequences are 
endogenous to said myeloma cell, since the endogenous host would 
contain the both 1) the trans-acting factors necessary for 
activating immunoglobulin cis elements and 2) the cytoplasmic 
organelles and enzymes required for co- and post-translat ional 
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processing of immunoglobulin chains- 
Claims 14-3B are rejected under 35 U.S.C. 103 as being 
unpatentable over Gillies (S) as applied to claims 35, 37 and 38 
above, and further in view of Cabilly (L) . 

Cabilly is applied as described above. It would be obvious 
to use mammalian cells, particularly myeloma cells, to express a 
chimeric polypeptide whose components are endogenous to said 
myeloma cells. Gillies teaches the use of mammalian cells (ie. 
myeloma cells) as well as the method for expressing 
immunoglobulin genes in myeloma cells. In the absence of 
unexpected results, it would be obvious to one of ordinary skill 
in the art to utilize the vector and cells of Gillies to express 
the chimeric constructs of Cabilly in order to produce the 
chimeric receptor (ie. antibody or immunoglobulin fragment) of 
Cabilly. 

Please note the following references as being pertinent to 
the state of the art: Murphy (M) , Seno(T), and Dolby (U) . 



directed to Examiner Michelle Marks, Ph.D. at telephone number 

703-557-0664. 

11.2.88 msm 
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Serial No. 07/090,669 
Art Unit 185 

Examiner acknowledges applicants 1 election of Group II, 
claims 14-38 without traverse in Paper No. 6. 

Claims 14-38 are rejected under 35 U.S.C. 112, first 
paragraph, as the disclosure is enabling only for claims limited 
to DNA constructs for expression of a chimeric polypeptide which' 
is a subunit of an immunoglobulin molecule. See MPEP 706.03 (n) 
and 706.03(z). This rejection is maintained for essentially the 
same reasons set forth in the previous office action. 

Subunits of other multi-unit receptors which contain a 
variable region and constant region were not enabled leg. T-cell 
receptors and Major Histocompatibility Complex antigens) . 
Applicants* response of Paper No. 6 states that T cell receptors 
and Major Histocompatibility Antigens (MHO are of the same 
supergene family as that of immunoglobulins, containing variable 
and constant regions, and are therefore enabled by the scope of 
their disclosure. Examiner disagrees with applicants argument 
that T cell receptors and MHC antigens were enabled in their 
disclosure because they contain variable and constant regions. 
The instant specification cites the receptors of interest 
"include B cell and . T cell receptors, more particularly, 
Immunoglobulins (page 31 lines 23-25) yet does not provide a 
means for isolating the DNA encoding B and T cell receptors. Not 
all B and T cell receptors have variable and constant regions (eg 
CD2, CD7, CD20 and Fc) , Cloning and sequencing of MHC antigens 
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was not disclosed or enabred in the instant specif icarxon . There 
are three major reasons why T cell receptors and MHC antigens are 
not considered within the scope of this invention. First, the 
instant specification does not disclose that these "mul ti-chain" 
receptors contain variable and constant regions and fails to' 
describe how the DNA encoding such molecules would be isolated. 
It is well known to the immunogenetics art that isolating these 
latter proteins and their DNA was difficult. Second, not all T 
cell receptors have constant and variable regions. Only T cell 
receptors specific for antigens are composed of variable and 
constant regions, of which the variable region proteins were 
known to be homologous to immunoglobulins at the time of filing 
this application; but, again, this was not disclosed in the 
instant specification. However, at the time the instant 
specification was filed, it was not known that MHC antigens 
contained variable and constant regions. Third, it would require 
undo experimentation to isolate variable and constant region 
genomic sequence of these receptors for use in cross- species 
chimeric constructions . 

Claims 14, 28, 33, and 36 are rejected under 35 U.S.C. 112, 
second paragraph, as being indefinite for failing to 
particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 

Claims 14, 28 and 36 are indefinite by claiming constructs 
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for a multi-unit receptor, cells, and a method for expressing a 
multi-unit receptor. Not all multi-unit receptors are taught in 
the instant invention. Is immunpglobulin intended rather than 
the genus multi-unit receptor? If DNA constructs encoding the 
supergene family of immunoglobulins, T-cell receptors and MHC ■ 
antigens was intended, it should be named as such. The instant 
specification does not enable isolation of the DNA for both the 
constant and variable region genes encoding T cell receptors or 
MHC antigens. 

The following is a quotation of the appropriate paragraphs 
of 3 5 U.S.C. 102 that form the basis for the rejections under 
this section made in this Office Action: 

A person shall be entitled to a patent unless- 

(b) the invention was patented or described in a printed 
publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of 
application for patent in the United States. 

Claims 14-34 and 36 are rejected under 35 U.S.C. 102(b) or 102 
(e) as being clearly anticipated by Cabilly (L) or Cabilly (R) 

or Cabilly (2A) . 

This rejection is a new rejection which is essentially the 
same rejection set forth in the previous office action in the 
rejection of claims 14-34 and 36 over Cabilly (L) . 

Each of the Cabilly references cited above teaches various 
DNA constructs for the expression of chimeric immunoglobulin 
heavy chains, chimeric immunoglobulin light chains, chimeric 
immunoglobulins, and chimeric immunoglobulin fragments (ie. 
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chimeric subunits of a multiunit receptor) , Cabilly teaches 
various expression vectors for use in either prokaryotic or 
eukaryotic host cells (See page 15 lines 6-29) . Cabilly also 
teaches the use of eukaryotic host cells, including varipus 
mammalian cell types (page 18 line 6-34 and page 19 lines l-S).' 
Further, Cabilly teaches the use of the regulatory elements 
required for expression in vertebrate cells (page 18, lines 11- 
14) . Finally Cabilly teaches the coexpression of both the heavy 
and light chains of immunoglobulin in the same host (page 23 line 
29-30). Thus, all aspects of the instant invention, except for 
expression specifically in murine myeloma cells, was taught by 
Cabilly. 

Note Cabilly (2A) in teaching the production of an 
immunoglobulin molecule. Note column 24 lines 60-66 and Figure 
8C showing that cells double transformed with the construct for 
each immunoglobulin chain express both heavy and light chain 
proteins. Column 25 lines 45-68 and column 26 describe the 
reconstitution of antibody from recombinant heavy and light 
chains* The table in column 27 shows that the heavy and light 
chains were reconstituted to form functional immunoglobulins 
which specifically recognize antigen. 0.76% and 0.33% of the 
rec.ombinant antibody chains were reconstituted as compared to 
0.4% of the hybridoma produced antibody chains. Thus, Cabilly 
produced a functional chimeric antibody composed of recombinant 
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heavy and light chains: Further, Cabilly (R) teaches the 

motivation to express pre-light chains and pre-heavy chains in 

mammalian cells (page 3277 left paragraph) so, that the 

immunoglobulin chains will be secreted and assembled in vivo. 

The following is a quotation of 35 U.S.C. 103 which forms the 
basis for all obviousness rejections set forth in this Office 
Action : 

A patent may not be obtained though the invention 
is not identically disclosed or described as set 
forth in section 102 of this title, if the dif- 
ferences between the subject matter sought to be 
patented and the prior art are such that the sub- 
ject matter as a whole would have been obvious at 
the time the invention was made to a person having 
ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be nega- 
tived by the manner in which the invention was 
made. 

Subject matter developed by another person, which 
qualifies as prior art only under subsection (f) 
and (g) of section 102 of this title, shall not 
preclude patentability under this section where the 
subject matter and the claimed invention were, at 
the time the invention was made, owned by the same 
person or subject to an obligation of assignment to 
the same person. 

Claims 35 and 37-38 are rejected under 35 U.S.C. 103 as being 
unpatentable over Cabilly (L) or Cabilly (R) or Cabilly (2A) 
in view of Gillies (S) . 

Cabilly teaches the use of eukaryotic host cells 
including vertebrate cell hosts (eg L , pages 18 and 19) . In the 
absence of unexpected results, it would be obvious to use myeloma 
cells as a type of mammalian cell as taught by Cabilly. It would 
be particularly obvious to use myeloma cells to express a DNA 
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construct whose major regulatory and coding sequences are 
endogenous to said myeloma cell, since the endogenous host would 
contain the both 1) the trans-acting factors necessary for 
activating immunoglobulin cis elements and 2) the cytoplasmic 
organelles and enzymes . required for co- and post-translational ' 
processing of immunoglobulin chains. Further, Cabilly (R) 
teaches the motivation to express pre-light chains and pre-heavy 
chains in mammalian cells {page 3277 left paragraph) so that the 
immunoglobulin chains will be secreted and assembled in vivo. 
Thus, one of ordinary sill in the art would be motivated to use 
mammalian cells to secrete immunoglobulin chains which are 
assembled in vivo. In the absence of unexpected results, one of 
ordinary skill in the art would be further motivated to use 
myeloma cells because of their properties discussed above which 
would be advantageous for expressing immunoglobulins. 

Gillies teaches the use of mammalian cells, particularly 
myeloma cells, as well as the method for expressing 
immunoglobulin genes in myeloma cells. Applicants note on Paper 
No. 6 , page 6 that the two of the coinventors of the Gillies 
patent are co-inventors of .the subject application. Therefore, 
examiner asserts that applicant would be motivated to use these 
known cells for their known properties. In the absence of 
unexpected results, it would be obvious to one of ordinary skill 
in the art to utilize the vector and cells of Gillies to express 
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the chimeric constructs " of Cabilly in order to produce the 
chimeric receptor (ie. antibody or immunoglobulin fragment) of 
Cabilly. 

Claims 28*35 are, rejected under 35 U.S. c. 103 as being 
unpatentable over Boss (2B) in view of Gillies (S) . 

Boss teaches the method of producing antibodies comprising 
transforming a host cell with DNA sequence encoding each of a 
heavy and light chain of an immunoglobulin. Gillies is applied 
as above in teaching the use of myeloma cells for expressing 
heterologous products and the particular advantages of myeloma 
cells in expressing immunoglobulin genes. ONe of ordinary skill 
in the art would be motivated to use the best host cell system 
for expressing a desired product. It would be particularly 
obvious to use the myeloma host cells of Gillies to express a DNA 
construct whose major regulatory and coding sequences are 
endogenous to said myeloma cell, since the endogenous host would 
contain the both 1) the trans-acting factors necessary for 
activating immunoglobulin cis elements and 2) the cytoplasmic 
organelles and enzymes required for co- and post-translational 
processing of immunoglobulin chains. In the absence of 

unexpected results, it would be obvious to one of ordinary skill 
in the art to use myeloma cells as host for expressing DNA 
constructs containing the transcriptional and translational 
regulatory elements which this cell recognizes specifically. 
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Any inquiry concerning this communication should be directed 
to Examiner Michelle Marks, Ph.D. at telephone number 703-55" 7 - 
0664 . 
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The following is a quotation of the first paragraph of 35 U.S.C. 1 12 

"The specification shall contain a vritten description of the invention and of 
the manner and process of making and using u in such full clear concise and 
exact terms as to enable any person skilled in the art to vhich it pertains or 
with vhich it is most nearly connected to make and use the same and shall set 
forth the best mode contemplated by the inventor of carrying out his 
invention 

Claims 14-38 are rejected under 35 U.S.C. 1 12. first paragraph, as 
enabling only for the claims limited to DNA constructs for expression of a 
chimeric polypeptide which is a subunit of an immunoglobulin molecule. See 
MPEP 706.03m i and 706.05 in This rejection is maintained for essentially 
the same reasons set forth in the previous office action. 

The previous examiner -held and the present examiner maintains that 
tne instant application is not enabled for and multi-unit receptor leg. T-cell 
receptors and Major Histocompatibility Complex antigens*. There are 
essentially three reasons. These multi-chain receptors are not disclosed to 
contain constant and variable regions nor are methods disclosed on hoy to 
isolate the DNA m question. Second, not all cell receptors have constant and 
variable regions teg. CD2, CD7. CD20. and FcK Finally, it would require undo 
experimentation to isolate variable and constant region genomic sequences 
of these receptors for use ion cross-species chimeric constructions. 

Claims 14. 28, 33. and 36 are rejected under 35 U.S.C 1 12, first and 
second paragraphs, as the claimed invention is not described in such lull, 
clear, concise and exact terms as to enable any person skilled in the an to 
make and use the same, and/or for failing to particularly point out and 
distinctly claim the subject matter which applicant regards as the invention. 

Claims 14. 28. 33. and 36 are indefinite by claiming constructs for 
2 multi-unit receptor, cells, and a method for expressing a multi-unit 
receptor. Not all multi-unit receptors are taught in the instant invention. Is 
immunoglobulin intended rather than the genus multi-unit receptor 7 If DNA 
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constructs encoding the supergene family of immunoglobulins. T-celi 
receptors and MHC antigens was intended, it should be named as such The 
instant specification does not enable isolation of the DNA for both the 
constant and variable region genes encoding T-cell receptors or MHC 
antigens. 

The following is a quotation of the appropriate paragraphs of 35 l r .S.C. 
5 102 that form the basis for the rejections under this section made in this 
Office action: 

A person shall be entitled to a patent unless - 

(b ) the invention vas patented or described in a printed publication in this or a 
foreign country or in public use or on sale in this country, more than one year 
prior to the date of application for patent in the United States ." 

(e ) the invention vas described in a patent granted on an application for patent 
hv another filed in the United States before the invention thereof by the 
applicant for patent or on an international application by another vho has 
fulfilled the requirements of paragraphs (1). 12). and (4) of section }?Hc) ol 
this title before the invention thereof by the applicant for patent 

Claims 14-34. and 36 are rejected under 35 U.S.C. § 102 \b t or 102 (ei 
a? being clearly anticipated by Cabilly (L) or Cabilly (R) or Cabilly 12AI. 

This rejection is on the same grounds as those of the previous action. 
Al! of the above references teach DNA constructs of various chimeric 
immunoglobulins, subunits or fragments thereof. They also teach expression 
vectors for these constructs for expression in either eukaryotic or 
prokaryotic hosts. Cabilly even teaches the expression of the constructs in 
mammalian cells. In fact, the references anticipate every aspect of the 
instant application except the specific use of myeloma cells. 

The following is a quotation of 35 L : .S.C. 103 which forms the basis for 
all obviousness rejections set forth in this Office action: 

A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between 
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the subject matter sought to be patented and the prior art are such that the 
subject matter as a whole would have been obvious at the time the invention was 
made to a person having ordinary skill in the art to which said subject matter 
pertains Patentability shall not be negatived by the manner in which the 
invention was made 

Subject matter developed by another person, which qualifies as prior art only 
under.subsection (f J and (g ) of section 102 of this title, shall not preclude 
patentability under this section where the subject matter and the claimed 
invention were at the time the invention was made, owned by the same person 
or subiectto an obligation of assignment to the same person. 

Claims 35. and 37-38 are rejected under 35 U.S.C 103 as being 
unpatentable over Cabilly IL) or Cabilly (R) or Cabilly (2A> in view of Gillies 

Gillies essentially solves the omission of the Cabilly references 
discussed supra by teaching the expression of immunoglobin genes in 
r.n eloma cells. The application of the Cabilly teaching in view of the Gillies 
\\ ouid be obvious to one of ordinary skill in the art. especially given the fact 
tnr. :vo of the authors of the Gillies reference are inventors of the instant 
application. Again, this rejection is essentially a repetition of the rejection of 
naper 7. 

Claims 28-35 are rejected under 35 U.S.C. 103 as being unpatentable 
over Boss 1 2B J in view of Gillies (S ). 

Boss leaches the method of producing antibodies comprising 
transforming a host cell with DNA sequence encoding each of heavy and light 
cnain of an immunoglobulin. Gillies is applied as above in teaching the use of 
myeloma cells for expressing heterologous products and the particular . 
advantages of myeloma cells in expressing immunoglobulin genes. For 
I urtner discussion of the rejection, applicant is referred to the previous 
action 



This is a file wrapper continuation of applicant's earlier application 
S .\ {'."7090.669. All claims are drawn to the same invention claimed in the 
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earlier application and could have been finally rejected on the ground? or an 
of record in the next Office action if they had been entered in the earlier 
application. Accordingly. THIS ACTION IS MADE FINAL even though it is 
a first action in this case. See MPEP 706.07(b). Applicant is reminded of the 
extension of lime policy as set forth in 37 CFR 1.136(a). The practice of 
automatically eitending the shortened statutory period an additional month 
upon the filing of a timely first response to a final rejection has been 
discontinued by the Office. See 1021 TMOG 35. 



A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL ACTION IS 
SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS ACTION. IN THE 
EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS OF THE MAILING 
DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION IS NOT MAILED 
UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED STATUTORY 
PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE ON THE 
DATE THE ADVISORY ACTION IS MAILED. AND ANY EXTENSION FEE 
PURSUANT TO 37 CFR 1.136(a) WILL BE CALCULATED FROM THE MAILING 
DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE STATUTORY 
PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM THE DATE OF 
THIS FINAL ACTION. 

An inquiry concerning this communication should be directed to 
Examiner Nisbet at telephone number 703-557-5137. 
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RECOMBINANT IMMUNOGLOBIN 
PREPARATIONS 

BACKGROUND OF THE INVENTION 5 

This invention relates to the field of immunoglobulin 
production and to modification of naturally occunng 
immunoglobulin amino acid sequences. Specifically, the 
invention relates to using recombinant techniques to 
produce both immunoglobulins which are analogous to 
those normally found in vertebrate systems and to take 
advantage of these gene modification techniques to 
construct chimeric or other modified forms. 

A. Immunoglobulins and Antibodies 

Antibodies are specific immunoglobulin polypeptides 
produced by the vertebrate immune system in response 
to challenge by foreign proteins glycoproteins, cells, or 
other antigenic foreign substances. The sequence of 
events which permits the organism to overcome inva- 
sion by foreign cells or to rid the system of foreign 
substances is at least partially understood. An important 
part of this process is the manufacture of antibodies 
which bind specifically to a particular foreign sub- 
stance. The binding specificity of such polypeptides to a 
particular antigen is highly refined, and the multitude of 23 
specificities capable of being generated by the individ- 
ual vertebrate is remarkable in its complexity and vari- 
ability. Thousands of antigens are capable of eliciting 
responses, each almost exclusively directed to the par- 
ticular antigen which elicied it 

Immunoglobulins include both antibodies, as above 
described, and analogous protein substances which lack 
antigen specificity. The latter are produced at low lev- 
eb by the lymph system and in increased levels by mye- 
lomas. 

A.1 Source and Utility 

Two major sources of vertebrate antibodies are pres- 
ently utilized — generation in situ by the mammalian B 
lymphocytes and in cell culture by B-cell hybrids. Anti- 
bodies are made in situ as a result of the differentiation 40 
of immature B lymphocytes into plasma cells, which 
occurs in response to stimulation by specific antigens. In 
the undifferentiated B cell, the portions of DNA coding 
for the various regions on the immunoglobulin chains 
are separated in the genomic DNA* The sequences are 
reassembled sequentially prior to transcription. A re- 
view of this process has been given by Gough, Trends in 
Bhchem Sci. 6: 203 (1981). The resulting rearranged 
genome is capable of expression in the mature B lym- 
phocyte to produce the desired antibody. Even when 
only a single antigen is introduced into the sphere of the 
immune system for a particular mammal, however, a 
uniform population of antibodies does not result The in 
situ immune response to any particular antigen is de- 
fined by the mosaic of responses to the various determi- 
nants which are present on the antigen. Each subset of 
homologous antibody is contributed by a single popula- 
tion of B cells— hence in situ generation of antibodies is 
"polyclonal**. 

This limited but inherent heterogeneity has been 
overcome in numerous particular cases by use of hy- 
bridoma technology to create "monoclonal** anubodies 
(Kohler, et al, Eur. /. ImmunoL 6: 511 (1976)). In this 
process, splenocytes or lymphocytes from a mammal 
which has been injected with antigen are fused with a 65 
tumor cell line, thus producing hybrid cells or "hy- 
bndomas" which are both immortal and capable of 
producing the genetically coded antibody of the B cell. 
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The hybrids thus formed are segregated into single 
genenc strains by selection, dilution, and regrowth. and 
each strain thus represents a single genetic line. They 
therefore produce ixnmunoreacnve antibodies against a 
desired antigen which are assured to be homogenous, 
and which antibodies, referencing their pure genenc. 
parentage, are called "monoclonal". Hybndoma tech- 
nology has to this time been focused largely on the 
fusion of murine lines, but human-human hybndomas 
(Olsson, L et aL, Prvc Natl Acad. Set {USA), 77: 5429 
(1980)); human-muhne hybndomas (Schlom. J., et ai. 
(ibid) 77: 6841 (1980)) and several other xenogemc hy- 
brid combinations have been prepared as well. Alterna- 
tively, primary, antibody producing, B cells have been 
immortalized in vitro by transformation with viral 
DNA. 

Polyclonal or, much more preferably, monoclonal, 
antibodies have a variety of useful properties similar to 
those of the present invention. For example, they can be 
used as specific immunoprecipitaring reagents to detect 
the presence of the antigen which elicited the initial 
processing of the B cell genome by coupling this anti- 
gen-antibody reaction with suitable detection tech* 
niques such as labeling with radioisotopes or with en- 
zymes capable of assay (RIA, EMIT, and ELISAV 
Antibodies are thus the foundation of immuno diagnos- 
tic tests for many antigenic substances. In another im- 
portant use, antibodies can be directly injected into 
subjects suffering from an attack by a substance or or- 
ganism containing the antigen in question to combat this 
attack. This process is currently in its experimental 
stages, but its potential is clearly seen. Third, whole 
body diagnosis and treatment is made possible because 
injected antibodies are directed to specific target disease 
tissues, and thus can be used either to determine the 
presence of the disease by carrying with them a suitable 
label, or to attack the diseased tissue by carrying a suit* 
able drug. 

Monoclonal antibodies produced by hybndomas. 
while theoretically effective as suggested above and 
clearly preferable to polyclonal anubodies because of 
their specificity, suffer from certain disadvantages. 
Fust, they tend to be contaminated with other proteins 
and cellular materials of hybndoma, (and. therefore, 
mammalian) origin. Second, hybndoma lines producing 
monoclonal anubodies tend to be unstable and may alter 
the structure of antibody produced or stop producing 
antibody altogether (Kohler, G„ et al., Prvc Anil. Acad. 
Sci (USA) 77: 2197 (1980); Morrison. S. L.. J. ImmunoL 
123: 793 (1979)). The cell line genome appears to alter 
itself in response to stimuli whose nature is not cur* 
rently known, and this alteration may result m produc- 
tion of incorrect sequences. Third, both hybndoma and 
B cells inevitably produce certain antibodies in glycosy- 
lated form (Meichers, F., Biochemistry, 10: 653 (1971*)) 
which, under some circumstances, may be undesirable. 
Fourth, production of both monoclonal and polyclonal 
antibodies is relatively expensive. Fifth, and perhaps 
most important, production by current techniques (ei- 
ther by hybndoma or by B cell response) does not per- 
mit manipulation of the genome so as to produce anti- 
bodies with more effective design components than 
those normally elicited in response to antigens from the 
mature B ceil in situ. The antibodies of the present in- 
vention do not suffer from the foregoing drawbacks, 
and, furthermore, offer the opportunity to provide mol- 
ecules of superior design. 
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Even those immunoglobulins which lack the specific- 
ity of aribodies are useful, although over a smaller spec- 
trum of potential uses than the antibodies themselves. In 
presently understood applications, such immunoglobu- 
lins are helpful in protein replacement therapy for giob- 5 
ulin related anemia. In this context, an inability to bind 
to antigen is in fact helpful, as the therapeutic value of 
these proteins would be impaired by such functionality. 
At present, such non-specific antibodies are derivable in 
quantity only from myeloma cell cultures suitably in- 10 
duced. The present invention offers an alternative, more 
economical source. It also often the opportunity of 
cancelling out specificity by manipulating the four 
chains of the tetramer separately. 

A.2 General Structure Characteristics 15 

The hft5»c immunoglobin structural unit in vertebrate 
systems is now well understood (Edelman, G. M., Ann. 
M Y. Acad Sci. 190: 5 (1971)). The units are composed 
to two identical light polypeptide chains of molecular 
weight approximately 23,000 daltons, and two identical 20 
heavy chains of molecular weight 53,000-70,000. The 
four chains are joined by disulfide bonds in a "Y** con- 
figuration wherein the light chains bracket the heavy 
chains starting at the mouth of the Y and continuing 
through the divergent region as shown in FIG. L The 25 
"branch" portion, as there indicated, is designated the 
Fab region. Heavy chains are classified as gamma, mu, 
alpha, delta, or epsilon, with some subclasses among 
them, and the nature of this chain, as it has a long con- 
stant region, determines the "class" of the antibody as 30 
IgG, IgM, IgA. IgD, or IgE. Light chains are classified 
as either kappa or lambda. Each heavy chain class can 
be prepared with either kappa or lambda light chain. 
The light and heavy chains are covalently bonded to 
each other, and the "tail" portions of the two heavy 35 
chains are bonded to each other by covalent disulfide 
linkages when the immunoglobulins are generated ei- 
ther by hybridomas or by B cells. However, if non- 
covalent association of the chains can be effected in the 
correct geometry, the aggregate will still be capable of 40 
reaction with antigen, or of utility as a protein supple- 
ment aa a non-specific immunoglobulin. 

The amino acid sequence runs from the N-tenninal 
end at the top of the Y to the C-terminai end at the 
bottom of each chain. At the N-tenninal end is a van- 45 
able region which is specific for the antigen which elic- 
ited it, and is approximately 100 amino acids in length, 
there being slight variations between light and heavy 
chain and from antibody to antibody. The variable re- 
gion is linked in each chain to a constant region which 30 
extends the remaining length of the chain. Linkage is 
seen, at the genomic level, as occuring through a linking 
sequence known currently as the "J" region in the light 
chain gene, which encodes about 12 ammo acids, and as 
a combination of **D" region and "JT region in the 55 
heavy chain gene, which together encode approxi- 
mately 25 amino acids. 

The remaining portions of the chain are referred to as 
constant regions and within a particular class do not to 
vary with the specificity of the antibody (i.e., the anti- 60 
gen eliciting it). 

As stated above, there are five known major classes 
of constant regions which determine the class of the 
immunoglobulin molecule (IgG, IgM, IgA, IgD, and 
IgE corresponding to y, ^ a, 5, and € heavy chain 65 
constant regions). The constant region or class deter- 
mines subsequent effector function of the antibody, 
including activation of complement (Kabat, £. A., 
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Structural Concepts in Immunology and Immunoche mis- 
try, 2nd Ed., p. 413-436, Holt. Rinehan, Winston 
(1976)), and other cellular responses (Andrews. D. W.. 
et al„ Clinical Immunobiology, pp 1-18, W. B. Sanders 
(1980); Kohl, S., et al.. Immunology. 48: 187 (1983)): 
while the variable region determines the antigen with, 
which it will react 

B. Recombinant DNA Technology 

Recombinant DNA technology has reach sufficient 
sophistication that it includes a repertoire of techniques 
for cloning and expression of gene sequences. Various 
DNA sequences can be recombined with some facility, 
creating new DNA entities capable of producing heter- 
ologous protein product in transformed microbes and 
cell cultures. The general means and methods for the in 
vitro ligation of various blunt ended or "sticky" ended 
fragments of DNA, for producing expression vectors, 
and for transforming organisms are now in hand. 

DNA recombination of the essential elements (i.e.. an 
origin of replication, one or more phenotypic selection 
characteristics, expression control sequence, heterolo- 
gous gene insert and remainder vector) generally is 
performed outside the host cell. The resulting recombi- 
nant replicable expression vector, or plasmid. is intro- 
duced into cells by transformation and large quantities 
of the recombinant vehicle is obtained by growing the 
transfdrmant. Where the gene is properly inserted with 
reference to portions which govern the transcription 
and translation of the encoded DNA message, the re- 
sulting expression vector is useful to produce the poly- 
peptide sequence for which the inserted gene codes, a 
process referred to as "expression." The resulting prod- 
uct may be obtained by lysis, if necessary, of the host 
cell and recovery of the product by appropriate purifi- 
cations from other proteins. 

In practice, the use of recombinant DNA technology * 
can express entirely heterologous polypeptides— so- 
called direct expression— or alternatively may express a 
heterologous polypeptide fused to a portion of the 
amino acid sequence of a homologous polypeptide. In 
the latter the intended bioactive product is some- 
times rendered bioinacrive within the fused, homolo- 
gous/heterologous polypeptide until it is cleaved in an 
extracellular environment. 

The art of maintaining cell or tissue cultures as well as 
microbial systems for studying genetics and ceil physi- 
ology is well established. Means and methods are avail- 
able for maintaining permanent cell lines, prepared by 
successive serial transfers from isolated cells. For use in 
research, such ceil lines are maintained on a solid sup- 
port in liquid medium, or by growth in suspension con- 
taining support nutriments. Scale-up for large prepara- 
tions seems to pose only mechanical problems. 

SUMMARY OF THE INVENTION 

The invention relates to antibodies and to non- 
specific immuno glo bulins (NSIs) formed by recombi- 
nant techniques using suitable host cell cultures. These 
anybodies and NSIs can be readily prepared in pure 
"monoclonal" form. They can be manipulated at the 
genomic level to produce chimeras of variants which 
draw their homology from species which differ from 
each other. They can also be manipulated at the protein 
level, since all four chains do not need to be produced 
by the same cell. Thus, there are a number of "types" of 
immunoglobulins encompassed by the invention. 

First, immunoglobulins, particularly antibodies, are 
produced using recombinant techniques which mimic 
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the amino acid sequence of naturally occuring antibod- 
ies produced by either mammalian B cells in situ, or by 
B ceils fused with suitable immortalizing tumor lines, 
Lc., hybridomas. Second, the methods of this invention 
produced, and the invention is directed to t immune- 5 
globulins which comprise polypeptides not hitherto 
found associated with each other in nature, Such reas- 
sembly is particularly useful in producing "hybrid" 
antibodies capable of binding more than one antigen; 
and in producing "composite" immunoglobuins 10 
wherein heavy and light chains of different origins es- 
sentially damp out specificity. Third, by genetic manip- 
ulation, "chimeric" antibodies can be formed wherein, 
for example, the variable regions, correspond to the 
amino acid sequence from one mammalian model sys- ^ 
tern, whereas the constant region mimics the amino acid 
sequence of another. Again, the derivation of these two 
mimicked sequences may be from different species. 
Fourth, also by genetic manipulation, "altered" anti- 
bodies with improved specificity and other characteris- 
tics can be formed. 

Two other types of immunoglobulin-like moieties 
may be produced: t *univalent' t antibodies, which are 
useful as homing carriers to target tissues, and "Fab ^ 
proteins" which include only the "Fab" region of an 
immunoglobulin molecule Le, the branches of the "Y". 
These univalent antibodies and Fab fragments may also 
be "mammalian" i.e., mimic mammalian amino acid 
sequences; novel assemblies of mammalian chains, or 30 
chimeric where for example, the constant and variable 
sequence patterns may be of different origin. Finally, 
either the light chain or heavy chain alone, or portions 
thereof, produced by recombinant trchniqufli are in- 
cluded in the invention and may be mammalian or chi- 33 
meric. 

In other aspects, the invention is directed to DNA 
which encodes the aforementioned NSIs, antibodies, 
and portions thereof, as well as expression vectors or 
plasmids capable of effecting the production of such 40 
immunoglobulins in suitable host cells. It includes the 
host cells and cell cultures which result from transfor- 
mation with these vectors. Finally, the invention is 
directed to methods of producing these NSIs and anti- 
bodies, and the DNA sequences, plasmids, and trans- 45 
formed cells intermediate to them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a representation of the general structure of 
immunoglobulins, 50 

FIG. 2A and 2B show the detailed sequence of the 
cDNA insert of pK17G4 which encodes kappa anti 
CEA chain. 

FIG. 3 shows the coding sequence of the fragment 
shown in FIG. 2, along with the corresponding amino 33 
acid sequence. 

FIGS. 4A. 4B and 4C show the combined detailed 
sequence of the cDNA inserts of py298 and py I 1 which 
encode gamma anti CEA chain. 

FIGS. 5 A and 5B show the corresponding amino acid 60 
sequence encoded by the fragment in FIG. 4. 

FIGS. 6 and 7 outline the construction of expression 
vectors for kappa and gamma anti-CEA chains respec- 
tively. 

FIGS. 8A, 3B, and 8C show the results of sizing gels 65 
run on extracts of £ coli expressing the genes for 
gamma chain, kappa chain, and both kappa and gamma 
chains respectively. 



FIG. 9 shows the results of western blots of extracts 
of cHte transformed as those in FIGS. 8. 

FIG. 10 shows a standard curve for ELISA assay of 
anti CEA activity. 

FIGS. 11 and 12 show the construction of a plasmid 
for expression of the gene encoding a chimeric heavy 
chain. 

FIG. 13 shows the construction of a plasmid for ex- 
pression of the gene encoding the Fab region of heavy 
chain. 

DETAILED DESCRIPTION 
A Definitions 

As u sed herein, "antibodies" refers to tetramers or 
aggregates thereof which have specific immunoreacuve 
activity, comprising light and heavy chains usually 
aggregated in the "V configuration of FIG. 1. with or 
without covalent linkage between them; "immunoglob- 
ulins" refers to such assemblies whether or not specific 
immunoreactive activity is a property. "Non-specific 
immunoglobulin" ("NSI") means those immunoglobu- 
lins which do not possess specificity — i.e., those which 
are not antibodies. 

"Mammalian antibodies" refers to antibodies wherein 
the amino acid sequences of the chains are homologous 
with those sequences found in antibodies produced by 
mammalian systems, either in situ, or in hybridomas. 
These antibodies antibodies mimic antibodies which are 
otherwise capable of being generated, although m im- 
pure form, in these traditional systems. 

"Hybrid antibodies'* refers to antibodies wherein 
chains are separately homologous with reference mam- 
malian antibody chains and represent novel assemblies 
of them, so that two different antigens are precipttabie 
by the tetramer. In hybrid antibodies, one pair of heavy 
and light chain is homologous to antibodies raised 
against one antigen, while the other pair of heavy and 
light cham is homologous to those raised against an- 
other antigen. This results in the property of "diva- 
lence" i.e., ability to bind two antigens simultaneously 
Such hybrids may, of course, also be formed using chi- 
meric chains, as set forth below. 

"Composite" immunoglobulins means those wherein 
the heavy and light chains mimic those of differem 
species origins or specificities, and the resultant is thus 
likely to be a non-specific immunoglobulin (NSI), i.e. — 
lacking in antibody character. 

"Chimeric antibodies" refers to those antibodies 
wherein one portion of each of the amino acid sequen- 
ces of heavy and light chains is homologous to corre- 
sponding sequences in antibodies derived from a partic- 
ular species or belonging to a particular class, while the 
remaining segment of the chains is homologous to cor- 
responding sequences in another. Typically, in these 
chimeric antibodies, the variable region of both light 
and heavy chains mimics the variable regions of anti- 
bodies derived from one species of mammals, while the 
constant portions are homologous to the sequences in 
antibodies derived from another. One clear advantage 
to such chimeric forms is that, for example, the vanable 
regions can conveniently be derived from presently 
known sources using readily, available hybndomas or B 
cells from non human host organisms in combination 
with constant regions derived from, for example, 
human cell preparations. While the vanable region has 
the advantage of ease of preparation, and the specificity 
is not affected by its source, the constant region being 
human, is less likely to elicit an immune response from 
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a human subject when the antibodies are injected than 
would the constant region from a non-human source. 

However, the definition is not limited to this particu- 
lar example. It includes any antibody in which either or 
both of the heavy or light chains are composed of com- 
binations of sequences mimicking the sequences in and* 
bodies of different sources, whether these sources be 
differing classes, differing antigen respones, or differing 
species of origin and whether or not the fusion point is 
at the variable/constant boundary. Thus, it is possible to 
produce antibodies in which neither the constant nor 
the variable region mimic known antibody sequences. It 
then becomes possible, for example, to construct anti- 
bodies whose variable region has a higher specific affin- 
ity for a particular antigen, or whose constant region 
can elicit mhinrrri complement fixation or to make 
other improvements in properties possessed by a partic- 
ular constant region. 

"Altered antibodies'* means antibodies wherein the 
amino acid sequence has been varied from that of a 20 
tMHimiiiin or other vertebrate antibody. Because of 
the relevance of recombinant DNA techniques to this 
invention, one need not be confined to the sequences of 
amino acids found in natural antibodies; antibodies can 
be redesigned to obtain desired characteristics. The 
possible variations are many and range from the chang- 
ing of just one or a few amino acids to the complete 
redesign of, for example, the constant region. Changes 
in the constant region will* in general, be made in order 
to improve the cellular process characteristics, such as 
complement fixation, interaction with membrane*, and 
other effector functions. Changes in the variable region 
will be made in order to improve the antigen binding 
characteristics. The antibody can also be engine er ed so 
as to aid the specific delivery of a toxic agent according 
to the "magic bullet" concept. Alterations, can be made 
by standard recombinant techniques and also by 
oli gonucleo tide-directed mutagenesis techniques (Dal* 
badie-McFarland, et al Proc Natl Acad. Sd(USA\ 
79:6409 (1982)). 

"Univalent antibodies'* refers to aggregations which 
comprise a heavy chain/light chain dimer bound to the 
Fc (or stem) region of a second heavy chain. Such anti- 
bodies are specific for antigen, but have the additional 
desirable property of targeting tissues with specific 45 
antigenic surfaces, without caustng its antigenic effec- 
tiveness to be impaired — te., there is no antigenic mod- 
ulation. This phenomenon and the property of univalent 
antibodies in this regard is set forth in Glennie, M. J., et 
aL, Nature 295: 712 (1982). Univalent antibodies have 
heretofore been formed by proteolysis. 

"Fab" region refers to those portions of the chains 
which are roughly equivalent, or analogous, to the 
sequences which comprise the Y branch portions of the 
heavy chain and to the light chain in its entirety, and 
which collectively (in aggregates) have been shown to 
exhibit antibody activity. "Fab protein", which protein 
is one of the aspects of the invention, includes aggre- 
gates of one heavy and one light chain (commonly 
known as Fab'), as well as tetramers which correspond 
to the two branch segments of the antibody Y. (com- 
monly known as F(abh). whether any of the above are 
covalentiy or non-covalently aggregated, so long as the 
aggregation is capable of selectively reacting with a 
particular antigen or antigen family. Fab antibodies 
have, as have univalent ones, been formed heretofore by 
proteolysis, and share the property of not eliciting anti- 
gen modulation on target tissues. However, as they lack 
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the "effector" Fc portion they cannot effect, for exam* 
pie, lysis of the target ceil by macrophages. 

'Tab protein" has similar subsets according to the 
definition of the present invention as does the general 
term "antibodies" or "immunoglobulins". Thus, "mam* 
malian" Fab protein, "hybrid" Fab protein "chimeric*'. 
Fab and "altered* 1 Fab protein are defined analogously 
to the corresponding definitions set forth in the prev:- 
ous paragraphs for the various types of antibodies. 

Individual heavy or light chains may of course be 
"mammalian", "chimeric" or "altered" in accordance 
with the above. As will become apparent from the de* 
tailed description of the invention, it is possible, using 
the techniques disclosed to prepare other combinations 
of the four-peptide chain aggregates, besides those spe- 
cifically defined, such as hybnd antibodies containing 
chimeric light and ™mm»i«n heavy chains, hybnd 
Fab proteins containing chimeric Fab proteins of heavy 
chains associated with mammalian light chains, and so 
forth. 

"Expression vector"' includes vectors which arc ca- 
pable of expressing DNA sequences contained therein. 
Le., the coding sequences are operably linked to other 
sequences capable of effecting their expression. It is 
implied, although not always explicitly stated, that 
these expression vectors must be replicable in the host 
organisms either as episomes or as an integral pan of the 
chromosomal DNA. Clearly a lack of repitcabihty 
would render them effectively inoperable. A useful but 
not a necessary, element of an effective expression vec- 
tor is a marker encoding sequence — i.e. a sequence en- 
coding a protein which results in a phenotypic property 
(eg. tetracycline resistance) of the ceils containing the 
protein which permits those cells to be readily identi- 
fied. In sum, "expression vector" is given a functional 
definition, and any DNA sequence which is capable of 
effecting expression of a specified contained DNA code 
is included in this term, as it is applied to the specified 
sequence. As at present, such vectors are frequently in 
the form of plasmids, thus "plasmid" and "expression 
vector" are often used interchangeably. However, the 
invention is intended to include such other forms of 
expression vectors which serve equivalent functions 
and which may, from time to time become known tn the 
art. 

"Recombinant host ceils" refers to cells which have 
been transformed with vectors constructed using re- 
combinant DNA techniques. As defined herein, the 
antibody or modification thereof produced by a recom- 
binant host cell is by virtue of this transformation, 
rather than in such lesser amounts, or more commonly, 
in such less than detectable amounts, as would be pro- 
duced by the un transformed host. 

In descriptions of processes for isolation of antibodies 
from recombinant hosts, the terms "cell 1 * and "ceil cul- 
ture" are used interchangeably to denote the source of 
antibody unless it is clearly specified otherwise. In other 
words, recovery of antibody from the "cells" may mean 
either from spun down whole cells, or from the cell 
culture containing both the medium and the suspended 
cells. 

B. Host Cell Cultures and Vectors 

The vectors and methods disclosed herein are suit- 
able for use in host cells over a wide range of prokary- 
otic and eukaryonc organisms. 

In general, of course, prokaryotes are preferred tor 
cloning of DNA sequences in constructing the vectors 
useful in the invention. For example. £. coli K12 strain 
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294 (ATCC No. 31446) is particularly useful Other sequence desired to be expressed to provide polyadeny La- 

microbial strains which may be used include £. coli uon of the mRNA and termination. Other promoters, 

strains such as £ coli B, and £ coli X1776 ( ATTC No. which have the additional advantage of transcription 

31537). These examples are, of course, intended to be controlled by growth conditions are the promoter 

illustrative rather than limiting. 5 regions for alcohol dehydrogenase 2. isocyrochrome C. 

Prokaryotes may also be used for expression. The acid phosphatase, degradanve enzymes associated with 
aforementioned strains, as well as £ coli W3110 (F 31 , nitrogen metabolism, and the aforementioned giycer* 
X~ t prototrophic, ATTC No. 27325), bacilli such as aidehyde-3-phosphate dehydrogenase, an enzymes re- 
Bacillus subtilus, and other enterobactehaceae such as sponsible for maltose and galactose utilization 
Salmonella ryphimurium or Strrona marcesans, and van- 10 (Holland, ibid.). Any plasmid vector containing yeast- 
ous Pseudomonas species may be used. compatible promoter, origin of replica uon and temu ru- 
in general, plasmid vectors containing replicon and uon sequences is suitable, 
control sequences which are derived from species com- In addition to microorganisms, cultures of cells de- 
niable with the host cell are used in connection with rived from multicellular organisms may also be used as 
these hosts. The vector ordinarily carries a replication 15 hosts. In principle, any such cell culture is workable, 
site, as well as marking sequences which are capable of whether from vertebrate or invertebrate culture. How- 
providing phenotypic selection in transformed cells. ever interest has been greatest in vertebrate cells, and 
For example, £ coli is typically transformed using prorogation of vertebrate cells in culture (tissue cul- 
pBR322, a plasmid derived from an £ coli species (Boli- cure) has become a routine procedure in recent years 
vir, etal. f Gene 2: 95 (1977)). pBR322 contains genes for 20 (Tissue Culture Academic Pres. Kruse and Patterson, 
ampiciliin and tetracycline resistance and thus provides editors (1973)). Exam 1 pies of such useful host cell lines 
easy means for identifying transformed cells. The are VERO and He La cells, Chinese hamster ovary 
pBR322 plasmid, or other microbial plasmid must also (CHO) ceil lines, and W138. BHK, COS-7 and MDCK 
contain, or be modified to contain, promoters which cell lines. Expression vectors for such cells ord manly 
can be used by the microbial organism for expression of 25 include (if necessary) an origin of replication, a pro- 
its own proteins. Those promoters most commonly used moter located in front of the gene to be expressed, alone 
in recombinant DNA construction include the £-lacta- with any necessary ribosome binding sues. RNA splice 
mase (penicillinase) and lactose promoter systems sites, polyadenylation site, and transcriptional termma- 
(Chang et al. Nature, 275: 615 (1978); Itakura, et ai, tor sequences. 

Science, 198: 1056 (1977); (Goeddei, et al Nature 281: 30 For use in mammalian cells, the control functions on 
244 (1979)) and a tryptophan (trp) promoter system the expression vectors are often provided by viral mate- 
(Goeddel, et ai. Nucleic Acids Rex, 8: 4057 (1980); EPO rial. For example, commonly used promoters are de- 
Appl Publ No. 0036776). While these are the most com- rived from polyoma. Adenovirus 2, and most frequently 
monly used, other microbial promoters have been dis* Simian Virus 40 (SV40). The early and late promoters 
covered and utilized, and details concerning their nude- 35 of SV40 virus are particularly useful because both are 
otide sequences have been published, enabling a skilled obtained easily from the virus as a fragment which also 
worker to ligate them functionally with plasmid vectors contains the SV40 viral origin of replication (Fters. et 
(Siebeniist, et al Cell 20: 269 (1980)). al, Nature, 273: 113 (1978)) incorporated herein by ret- 
In addition to prokaryates, eukaryotic microbes, such erence. Smaller or larger SV40 fragments may also be 
as yeast cultures may also be used. Saccharomyca cerevi- 40 used, provided there is included the approximately 250 
siae. or common baker's yeast is the most commonly bp sequence extending from the Hind III site toward the 
used among eukaryotic microorganisms, although a Bgl I site located in the viral origin of replication. Fur- 
number of other strains are commonly available. For ther, it is also possible, and often desirable, to utilize 
expression in Saccharomyces, the plasmid YRp7, for promoter or control sequences normally associated 
example, (Stinchcomb, et al. Nature. 282: 39 (1979); 43 with the desired gene sequence, provided such control 
Kingsman et al, Gene. 7: 141 (1979); Tschemper, et al, sequences are compatible with the host cell systems. 
Gene, 10: 157 (1980)) is commonly used. This plasmid An origin of replication may be provided either by 
already contains the trpl gene which provides a selec- construction of the vector to include an exogenous 
tion marker for a mutant strain of yeast lacking the origin, such as may be derived from SV40 or other viral 
ability to grow in tryptophan, for example ATCC No. 50 (e.g. Polyoma, Adeno, VSV, BPV, etc.) source, or may 
44076 or PEP4-1 (Jones, Genetics. 83: 12 (1977)). The be provided by the host cell chromosomal replication 
presence of the trpl lesion as a characteristic of the yeast mechanism. If the vector is integrated into the host ceil 
host cell genome then provides an effective environ* chromosome, the latter is often sufficient, 
ment for detecting transformation by growth in the It will be understood that this invention, although 
absence of tryptophan. 55 described herein in terms of a preferred embodiment. 

Suitable promoting sequences in yeast vectors in- should not be construed as limited to those host cells, 

elude the promoters for 3-phospboglycerate kinase vectors and expression systems exemplified. 

(Hitzeman, et aL, / BioL Cherru. 255: 2073 <I980)) or C Methods Employed 

other glycolytic enzymes (Hess, et al, /. Adv. Enzyme CI Transformation 

Reg., 7: 149 ( 1968); Holland, et al, Biochemistry, 17: 4900 60 If cells without formidable cell wall barriers are used 

(1978)), such as enoiase, glyceraidehyde-3-phosphate as host cells, transfection is carried out by the calcium 

dehydrogenase, hexokinase, pyruvate decarboxylase, phosphate precipitation method as described bv Gra- 

phosphofructokinase, giucose-6»pbosphate isomerase, ham and Van der Eb, Virology. 52: 546 ( 1978). However. 

3-phosphogiycerate mutase, pyruvate kinase, triose- other methods for introducing DNA into cells such as 

phosphate isomerase, phosphogiucose isomerase, and 65 by nuclear injection or by protoplast fusion may also be 

glucokinase. In constructing suitable expression pias* used. 

mids, the termination sequences associated with these If prokaryotic cells or cells which contain substantial 

genes are also li gated into the expression vector 3' of the cell wall constructions are used, the preferred method 
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of transfecnon is calcium treatment using calcium chlo- 
ride as described by Cohen, F. N. et al Proc NatL Acad. 
ScL{USA)> 69: 2110 (1972). 
C2 Vector Construction 

Construction of suitable vectors con tainin g the de- 5 
sired coding and control sequences employ standard 
ligation techniques. Isolated plasmids or DNA frag- 
ments are cleaved, tailored, and reii gated in the form 
desired to form the plasmids required. The methods 
employed are not dependent on the DNA source, or 10 
intended host. 

Cleavage is performed by treating with restriction 
enzyme (or enzymes) in suitable buffer. In general, 
about 1 jig plasmid or 'DNA fragments is used with 
about 1 unit of enzyme in about 20 ui of buffer solution. 15 
(Appropriate buffers and substrate amounts for particu- 
lar restriction enzymes are specified by the manufac- 
turer.) Incubation times of about 1 hour at 37* C. are 
workable, After incubations, protein is removed by 
extraction with phenol and chloroform, and the nucleic 20 
acid is recovered from the aqueous fraction by precipi- 
tation with ethanoi. 

If blunt ends are required, the preparation is treated 
for 15 minutes at 15* with 10 units of £. coli DNA Poly- 
merase I (Klenow), phenol-chloroform extracted, and 25 
ethanol precipitated. 

Size separation of the cleaved fragments is performed 
using 6 percent polyacrylamide gel described by Goed- 
dei D. t et al, Nucleic Acids Res.. 8: 4057 (1980) incorpo- 
rated herein by reference. 30 

For ligation, approximately equimolor amounts of 
the desired components, suitably end tailored to pro- 
vide correct matching are treated with about 10 units 
T4 DNA ligase per 0.5 ug DNA. (When cleaved vec- 
tors are used as components, it may be useful to prevent 35 
religabon of the cleaved vector by pretreatment with 
bacterial alkaline phosphatase.) 

In the examples described below correct ligations for 
plasmid construction are confirmed by transforming E. 
coli K12 strain 294 (ATCC 31444) with the ligation 40 
mixture. Successful transformants were selected by 
ampicillin or tetracycline resistance depending on the 
mode of plasmid construction. Plasmids from the trans- 
formants were then prepared, analyzed by restriction 
and/or sequenced by the method of Messing, et al, 43 
Nucleic Acids Res., 9: 309 (1981) or by the method of 
Maxam, et at Methods in Enzymoiogy. 65: 499 (1980). 

D. Outline of Procedures 

D. I Mammalian Antibodies 

The first type of antibody which forms a pan of this 50 
invention, and is prepared by the methods thereof, is 
"mammalian antibody"-one wherein the heavy and 
light chains mimic the amino acid sequences of an anti- 
body otherwise produced by a mature mammalian B 
lymphocyte either in situ or when fused with an immor- 55 
taliTrri cell as pan of a hybridoma culture. In outline, 
these antibodies are produced as follows: 

Messenger RNA coding for heavy or light chain is 
isolated from a suitable source, either mature B cells or 
a hybridoma culture, employing standard techniques of 60 
RNA isolation, and the use of oligo-dT cellulose chro- 
matography to segregate the poly-A mRNA.. The poly- 
A mRNA may, further, be fractionated to obtain se- 
quences of sufficient size to code for the ammo acid 
sequences in the light or heavy chain of the desired 65 
antibody as the case may be. 

A cDNA library is then prepared from the mixture of 
mRNA using a suitable pnmer, preferably a nucleic 



acd sequence which is characteristic of the desired 
cDNA. Such a primer may be hypothesized and synthe- 
sized based on the ammo acid sequence of the antibody 
if the sequence is known. In the alternative cDNA from 
unfractionated poly-A mRNA from a cell line produc- 
ing the desired antibody or poly-dT may also be used* 
The resulting cDNA is optionally size fractionated on 
polyacrylamide gel and then extended with, for exam- 
pie, dC residues for annealing with pBR322 or other 
suitable cloning vector which has been cleaved by a 
suitable restriction enzyme, such as Pst I. and extended 
with dG residues. Alternative means of forming cloning 
vectors containing the cDNA using other tails and 
other cloning vector remainder may, of course, also be 
used but the foregoing is a standard and preferable 
choice. A suitable host ceil strain, typically £ colu is 
transformed with the annealed cloning vectors, and the 
successful transformants identified by means of. for 
example, tetracycline resistance or other phenotypic 
characteristic residing on the cloning vector plasmid. 

Successful transformants are picked and transferred 
to micro titer dishes or other support for further, growth 
and preservation. Nitrocellulose filter imprints of these 
growing cultures are then probed with suitable nucleo- 
tide sequences containing bases known to be comple- 
mentary to desired sequences in the cDNA. Several 
types of probe may be used, preferably synthetic single 
stranded DNA sequences labeled, by kinasing with 
ATP 32 . The cells fixed to the nitrocellulose filter are 
lysed, the DNA denatured, and then fixed before reac- 
tion with kinased probe. Gones which successfully 
hybridize are detected by contact with a photoplate. 
then plasmids from the growing colomes isolated and 
sequenced by means known in the art to verify that the 
desired portions of the gene are present. 

The desired gene fragments are excised and tailored 
to assure appropriate reading frame with the control 
segments when inserted into suitable expression vec- 
tors. Typically, nucleotides are added to the 5' end to 
include a start signal and a suitably positioned restric- 
tion endonuciease site. 

The tailored gene sequence is then positioned in a 
vector which contains a promoter m reading frame with 
the gene and compatible with the proposed host cell. A 
number of plasmids such as those described in U.S. Pat. 
Nos. 4,663,233 and 4,456,748 and pending U.S. Ser. No. 
291,892, have been described which already contain the 
appropriate promoters, control sequences, nbosome 
binding sites, and transcription termination sites, as well 
as convenient markers. 

In the present invention, the gene coding for the light 
chain and that coding for the heavy chain are recovered 
separately by the procedures outlined above. Thus they 
may be inserted into separate expression plasmids. or 
together in the same plasmid, so long as each is under 
suitable promoter and translation control. 

The expression vectors constructed above are then 
used to transform suitable cells. The light and heavy 
chains may be transformed into separate cell cultures, 
either of the same or of differing species: separate plas- 
mids for light and heavy chain may be used to co-trans- 
form a single cell culture, or, finally, a single expression 
plasmid containing both genes and capable of express- 
ing the genes for both light and heavy chain may be 
transformed into a single cell culture. 

Regardless of which of the three foregoing options is 
chosen, the cells are grown under conditions appropri- 
ate to the production of the desired protein. Such condi- 
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dons are primarily mandated by the type of promoter 
and control systems used in the expression vector, 
rather than by the nature of the desired protein. The 
protein thus produced is then recovered from the cell 
culture by methods known in the art but choice of 
which is necessarily dependent on the form in which the 
protein is expressed. For example, it is common for 
mature heterologous proteins expressed in £ coii to be 
deposited within the cells as insoluble panicles which 
require cell lysis and solubilization in denaturant to 
permit recovery* On the other hand, proteins under 
proper synthesis ctrcxnstances, in yeast and bacterial 
strains, can be secreted into the medium (yeast and gram 
positive bacteria) or into the periplasmic space (gram 
negative bacteria) allowing recovery by less drastic 
procedures. Tissue culture cells as hosts also appear, in 
general, to permit reasonably facile recovery of heterol- 
ogous proteins. 

When heavy and light chain are coexpressed in the 
same host, the isolation procedure is designed so as to 
recover reconstituted antibody. This can be accom- 
plished in vitro as described below, or might be possible 
in vivo in a microorganism which secretes the IgG 
chains out of the reducing environment of the cyto- 
plasm. A more detailed description is given in D.2, 25 
below. 

D.2 Chain Recombination Techniques 

The ability of the method of the invention to produce 
heavy and light chains or portions thereof in isolation 
from each other offers the opportunity to obtain unique 30 
and unprecedented assemblies of immunoglobulins, Fab 
regions, and univalent antibodies. Such preparations 
require the use of tfrhniqurt to reassemble isolated 
chains. Such means are known in the art and it is, thus, 
appropriate to review them here. 

While single chain disulfide bond containing proteins 
have been reduced and reoxidized to regenerate in high 
yield native structure and activity (Freedman, R~ B., et 
at In Enzymobgy of Post Translaxional Modification of 
Proteins. 1: 157-212 (1980) Academic Press, NY.), prote- 
ins which consist of discontinuous polypeptide chains 
held together by disulfide bonds are more difficult to 
reconstruct in vitro after reductive cleavage* Insulin, a 
cameo case, has received much experimental attention 
over the years, and can now be reconstructed so effi- 
ciently that an industrial process has been built around 
it (Chance, R. E., et at, In Peptides: Proceedings of the 
Seventh Annual American Peptide Symposium (Rich, D. 
H. and Gross, EL, eds.) 721-728, Pierce Chemical Co., 
Rockford, IL. (1981)). 

Immunoglobulin has proved a more difficult problem 
than insulin. The tetramer is stabilized intra and inter- 
molecularly by 15 or more disulfide bonds. It has been 
possible to recombine heavy and light chains* disrupted 
by cleavage of only the interchain disulfides, to regain 
antibody activity even without restoration of the inter- 
chain disulfides (Edelman, G. M., et al., Proc Natl 
Acad. Set {USA) 50: 753 (1963)). In addition, active 
fragments of IgG formed by proteolysis (Fab fragments 
of -50,000 MW) can be split into their fully reduced 60 
heavy chain and light chain components and fairly effi- 
ciently reconstructed to give active antibody (Haber, 
E., Proc Natl Acad. Sci (USA) 52: 1099 (1964); Whit- 
ney, P. L., et al., Proc NatL Acad. Sci (USA) 53: 524 
(1965)). Attempts to reconstitute active andbody from 
fully reduced native IgG have been largely unsuccess- 
ful, presumably due to insolubility of the reduced chains 
and of side products or intermediates in the refolding 



pathway (see discussion in Freedman. M. H.. et al.. / 
Biol Chem. 241: 5225 (1966)). If. however, the immuno- 
globulin is randomly modified by polyaianyiation of its 
lysines before complete reduction, the separated chains 
have the ability to recover anugen-combuimg activity 
upon reoxidarion (ibid). 

A particularly suitable method for immunoglobulin 
reconstitution is derivable from the now classical insulin 
recombination studies, wherein starring materia] was 
prepared by oxidative sulfuoiysis. thus generating thioi- 
labtie S-sulfonate groups at all cysteines in the pro tern, 
non-reductiveiy breaking disulfides (Chance ei a), (su- 
pra)). Oxidative suifitolysis u a mild disulfide cleavage 
reaction (Means, G. £., et al.. Chemical Modification of 
Proteins, Holden-Day, San Francisco (1971) which is 
sometimes more gentle than reduction (Wetzel. R.. 
Biochemistry, submitted (1983)), and which generates 
derivatives which are stable until exposed to mild re- 
ducing agent at which time disulfide reformation can 
occur via thiol-disulfide interchange (Morehead. H.. et 
al. Biochemistry, in press, (1983)). In the present inven- 
tion the heavy and light chain S-suifonates generated by 
oxidative sulfuoiysis were reconstituted utilizing both 
air oxidation and thiol-disulfide interchange to dnve 
disulfide bond formation. The general procedure is set 
forth in detail in U.S. Pat. No. 4,599,197 incorporated 
herein by reference. 
D.3 Variants Permitted by Recombinant Technology 
Using the techniques described in paragraphs D. 1 2nd 
D.2, additional operations which were utilized to gam 
efficient production of mammalian antibody can be 
varied in quite straightforward and simple ways to pro- 
duce a great variety of modifications of this baste anti- 
body form. These variations are inherent in the use of 
recombinant technology, which permits modification at 
a genetic level of amino acid sequences in normally 
encountered mammalian immunoglobulin chains, and 
the great power of this approach lies in its. ability to 
achieve these variations, as well as in its potential for 
40 economic and specific production of desired scarce, and 
often contaminated, molecules. The variations also in- 
here in the ability to isolate production of individual 
chains, and thus create novel assemblies. 

Briefly, since genetic manipulations permit recon- 
struction of genomic material in the process of con- 
struction of expression vectors, such reconstruction can 
be manipulated to produce new coding sequences for 
the components of "natural" antibodies or immunoglob- 
ulins. As discussed in further detail below, the coding 
sequence for a mammalian heavy chain may aot be 
derived entirely from a single source or a single species, 
but portions of a sequence can be recovered by the 
techniques described in O.l from differing pools of 
mRNA, such as murine-murine hybridomas, human- 
murine hybridomas, or B cells differentiated in response 
to a series of antigen challenges. The desired portions of 
the sequences in each case can be recovered using the 
probe and analysis techniques described in D.L and 
recombmed m an expression vector using the same 
ligation procedures as would be employed for portions 
of the same model sequence. Such chimeric chains can 
be constructed of any desired length; hence, for exam- 
ple, a complete heavy chain can be constructed, or only 
sequence for the Fab region thereof. 

The additional area of flexibility which arises from 
the use of recombinant techniques results from the 
power to produce heavy and light chains or fragments 
thereof in separate cultures or of unique combinations 
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of heavy and light chain in the same culture, and to 
prevent reconstitution of'the antibody or immunogiobu- 
lin aggregation until the suitable components are assem- 
bed. Thus, while normal antibody production results 
automatically in the formation of "mammalian antibod- 
ies" because the light and heavy chain portions are 
constructed in response to a particular deter min a n t in 
the same cell, the methods of the present invention 
present the opportunity to assemble entirely new mix- 
tures. Somewhat limited quantities of "hybrid" antibod- 
ies have been produced by "quadromas" Le„ fusions of 
two hybridoma cell cultures which permit random as- 
semblies of the heavy and light chains so produced. 

The present invention permits a more controlled 
assembly of desired chains, either by mixing the desired 
chains in vitro, or by transforming the same culture 
with the coding sequences for the desired chains. 

DA Composite Immunoglobulins 

The foregoing procedure, which describes in detail 
the recombinant production of mimmaiian antibodies is 
employed with some modifications to construct the 
remaining types of antibodies or NSIs encompassed by 
the present invention. To prepare the particular em- 
bodiment of composite non-specific immunoglobulin 
wherein the homology of the chains corresponds to the 
sequences of immunoglobulins of different specificities, 
it is of course only necessary to prepare the heavy and 
light chains in separate cultures and reassemble them as 
desired. 

For example, in order to make an anti-CEA light 
chain/anti-hepatitis heavy chain composite antibody, a 
suitable source for the mRNA used as a template for the 
light chain clone would comprise, for instance, the and 
CEA producing cell line of paragraph £.1. The mRNA 
corresponding to heavy chain would be derived from B 
cells raised in response to hepatitis infection or from 
hybridoma in which the B cell was of this origin. It is 
clear that such composites can be assembled using the 
methods of the invention almost at will, and are limited 40 
only by available sources of mRNA suitable for use as 
templates for the respective chain*. All other features of 
the process are similar to those described above. 

D.5 Hybrid Antibodies 

Hybrid antibodies are particularly useful as they are 
capable of simultaneous reaction with more than one 
antigen. Pairs of heavy and light chains corresponding 
to chains of antibodies for different antigens, such as 
those set forth in paragraph D.4 are prepared in four 
separate cultures, thus preventing premature assembly 
of the tetramer. Subsequent mixing of the four sepa- 
rately prepared peptides then permits assembly into the 
desired tetramers. While random aggregation may lead 
to the formation of considerable undesired product, that 
portion of the product in which homologous light and 
heavy chains are bound to each other and mismatched 
to another pair gives the desired hybrid antibody. 

D.6 Chimeric Antibodies 

For construction of chimeric antibodies (wherein, for 
example, the variable sequences are separately derived 
from the constant sequences) the procedures of para- 
graph D. 1 and D.2 are again applicable with appropri- 
ate additions and modifications. A preferred procedure 
is to recover desired portions of the genes encoding for 
pans of the heavy and light chains from suitable, differ- 
ing, sources and then to reiigace these fragments using 
restriction endo nucleases to reconstruct the gene cod- 
ing for each chain. 
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For example, in a particular preferred chimeric con- 
struction, portions of the heavy chain gene and of the 
light fhain gene which encode the variable sequences of 
antibodies produced by a murine hybridoma culture are 
recovered and cloned from this culture and gene frag- 
ments encoding the constant regions of the heavy and 
light chains for human antibodies recovered and cloned 
from, for example, human myeloma cells. Suitable re- 
striction enzymes may then be used to Ugate the vari- 
able portions of the mouse gene to the constant regions 
of the human gene for each of the two chains. The 
chimeric chains are produced as set forth in D.l, aggre- 
gated as set fonh in D.2 and used in the same manner as 
the non-chimeric forms. Of course, any splice point in 
the chains can be chosen. 

D.7 Altered Antibodies 

Altered antibodies present, in essence, an extension of 
chimeric ones. Again, the techniques of D. 1 and D.2 are 
applicable; however, rather than splicing portions of the 
chain(s), suitable amino acid alterations, deletions or 
additions are made using available techniques such as 
mutagenesis (supra). For example, genes which encode 
antibodies having diminished complement fixation 
properties, or which have enhanced metal binding ca- 
pacities are prepared using such techniques. The Utter 
type may, for example, take advantage of the known 
gene sequence encoding metalothionein II (Kann. M.. 
et aL, Nature, 299: 797 (1982)). The chelating properties 
of this molecular fragment are useful in carrying heavy 
metals to tumor sites as an aid in tumor imaging (Schein- 
berg, D. A, et al M Science, 215: 19 (1982). 

D.8 Univalent Antibodies 

In another preferred embodiment, antibodies are 
formed which comprise one heavy and light chain pair 
coupled with the Fc region of a third (heavy) chain. 
These antibodies have a particularly useful property. 
They can, like ordinary antibodies, be used to target 
antigenic surfaces of ru""**. such as tumors, but. unlike 
ordinary antibodies, they do not cause the antigenic 
surfaces of the target tissue to retreat and become non- 
receptive. Ordinary antibody use results in aggregation 
and subsequent inaenvation, for several hours, of such 
surface antigens. 

The method of construction of univalent antibodies is 
a straightforward application of the invennon. The gene 
for heavy chain of the desired Fc region is cleaved by 
restriction enzymes, and only that portion coding tor 
the desired Fc region expressed. This portion is then 
bound using the technique of D.2 to separately pro- 
duced heavy chain the desired pairs separated from 
heavy/heavy and Fc/Fc combinations, and separately 
produced light chain added. Pre-bmding of the two 
heavy chain portions thus diminishes the probability 01 
formaion of ordinary antibody. 

D. 9 Fab Protein 

Similarly, it is not necessary to include the entire gene 
for the heavy chain portion. All of the aforementioned 
variations can be superimposed on a procedure for Fab 
protein production and the overall procedure differs 
only in that that portion of the heavy chain coding for 
the amino terminal 220 amino acids is employed in the 
appropriate expression vector. 

E. Specific Examples of Preferred Embodiments 
The invennon has been described above in general 

terms and there follow several specific examples of 
embodiments which set forth details of experimental 
procedure in producing the desired antibodies. Example 
E.1 sets fonh the general procedure for preparing ami 
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CEA antibody components, i.e. for a "mammalian anti- 
body**. Example E.3 sets forth the procedure for recon* 
snturion and thus is applicable to preparation of mam- 
malian, composite, hybrid and chimeric immunoglobu- 
lins* and Fab proteins and univalent antibodies. Exam- 
ple R4 sets forth the procedure for tailoring the heavy 
or light chain so that the variable and constant regions 
may be derived from different sources. Example E.5 
sets forth the method of obtaining a shortened heavy 
chain genome which permits the production of the Fab 
regions and, in an analogous manner, Fc region. 

The examples set forth below are included for illus- 
trative purposes and do not limit the scope of the inven- 
tion. 

E.1 Construction of Expression Vectors for Murine 
anti-CEA Antibody Chains and Peptide Synthesis 

Carcinoembryonic antigen (CEA) is associated with 
the surface of certain rumor cells of human origin 
(Gold, P., et aJ. f I Exp. M«L 122: 467 (1965)). Antibod- 
ies which bind to CEA (anti-CEA antibodies) are useful 
in early detection of these tumors (Van Nageil, T. R., et 
aL, Cancer Res. 40: 502 (1980)), and have the potential 
for use in treatment of those human tumors which ap- 
pear to support CEA at their surfaces. A mouse hy- 
bridoma cell line which secretes anti-CEA antibodies of 25 
the Ig7i class, CEA.66-E3, has been prepared as de- 
scribed by Wagener, C, et aL, /. Immunol, (in press) 
which is incorporated herein by reference, and was 
used as mRNA source. The production of and CEA 
antibodies by this cell line was determined. The N-ter- 
minal sequences of the antibodies produced by these 
cells was compared with those of monoclonal and CEA 
as follows. Purified IgG was treated with PCAse (Po- 
dcil D. R, et aL, BBRC 81: 176 (1978)), and then disso- 
ciated in 6M guanidine hydrochloride, 10 mM 2-mer- 
captoethanol (l.Omg of immunoglobulin, 5 min, 100* C. 
water bath). The dissociated chains were separated on a 
Waters Associates alkyl phenyl column using a liner 
gradient from 100 percent A (0.1 percent TFA-water) 
to 90 percent B (TFA/HiO/MeCN 0.1/9.9/90) at a 
flow rate of 0.8 ml/min. Three major peaks were eiuted 
and analyzed on SDS gels by silver staining. The first 
two peaks were pure light chain (MW 25,000 daitons), 
the third peak showed a (7:3) mixture of heavy and light 
chain. 1.2 nmoies of light chain were sequenced by the 43 
method of Shively, J. E., Methods in Enzymoiogy. 79: 31 
(1981), with an OTI?-terminal yield of 0.4 nmoies. A 
mixture of heavy and light chains (3 nmoies) was also 
sequenced, and sequence of light chain was deducted 
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percent, and nuclei removed by centrifugation. After 
addition of SDS (pH 7.4) to 1 percent fiml concentra- 
tion, the supernatant was extracted twice with 3 ml 
portions of phenol (redistilled)/chlorotbrm:isoamyl 
alcohol 25:1 at 4* C. The aqueous phase was made 0.2M 
in NaCl and total RNA was precipitated by addition of 
two volumes of 100 percent ethanol and overnight stor- 
age at —20* C. After centrifugation, poly A mRNA was 
purified from total RNA by oligo-dT cellulose chroma- 
tography as described by Aviv and Leder. Proc. Sat'!. 
Acad Set (USA), 69: 1408 (1972). 142 MS of polyA 
mRNA was obtained from 1 g cells. 

E.L2 Preparation of E. coli Colony Library Contain- 
ing Plasmids with Heavy and Light DNA Sequence 
Inserts 

5 /ig of the unfractionated poly A mRNA prepared in 
paragraph E.1.1 was used as template for ohgo-dT 
primed preparation of double-stranded (ds) cONA by 
standard procedures as described by Goeddel et aL. 
Nature 281: 544 (1979) and Wickens et aL. I Biol. Chem. 
253: 2483 (1978) incorporated herein by reference. The 
cDNA was size fractionated by 6 percent poly aery i- 
amide gel electrophoresis and 124 ng of ds cDNA 
greater than 600 base pairs in length was recovered b> 
electroeiution. A 20 ng portion of ds.cDNA was ex- 
tended with deoxy C residues using terminal deoxy nu- 
cleotidyl transferase as described m Chang et al., .\a:ure 
275: 617 (1978) incorporated herein by reference, and 
annealed with 200 ng of the plasmid pBR322 (Bolivar et 
al. v Gtne 2: 95 (1977)) which had been cleaved with Pst 
I and tailed with deoxy G. Each annealed mixture was 
then transformed into £. coli K12 strain 294 ( ATCC No 
31446). Approximately 8500 amptcillin sensitive, tetra- 
cycline resistant transfonnants were obtained. 
E.I.3 Preparation of Synthetic Probes 
The 14 mer, 5'GGTGGGAAGATGGA 3' comple- 
mentary to the coding sequence of constant region for 
mous MOPC21 kappa chain which begins 25 basepairs 
3' of the variable region DNA sequence was used as 
kappa chain probe. A 15 mer, 5'G ACC AGGC ATC - 
CCAG 3', complementary to a coding sequence located 
72 basepairs 3' of the variable region DNA sequence tor 
mouse MOPC21 gamma chain was used to probe 
gamma chain gene. 

Both probes were synthesized by the phosphotnester 
method described in German Offenlegungschnft No 
2644432, incorporated herein by reference, and made 
radioactive by kinasing as follows: 250 ng of deox- 
yoiigomicleotide were combined in 25 u.1 of 60 mM Tns 



from the double sequence to yield the sequence of the 50 HQ (pH 8), 10 mM MgCh. 15 mM beta-mercapcoe- 
heavy chain. - - 

In the description which follows, isolation and ex- 
pression of the genes for the heavy and light chains for 
and CEA antibody produced by CEA~66»E3 are de- 
scribed. As the constant regions of these chains belong 55 
to the gamma and kappa families, respectively, 'Might 
chain" and "kappa chain'*, and "heavy chain" and 
"gamma chain", respectively, are used interchangeably 
below. 



thanoi, and 100 pCi (y- 32 P) ATP (Amersham. 5000 
Ci/mMole). 5 units of T4 polynucleotide kinase were 
added and the reaction was allowed to proceed at 37" C 
for 30 minutes and terminated by additon of EDTA to 
20 mM. 

E.1.4 Screening of Colony Library for Kappa or 
Gamma Cham Sequences 

-2000 colonies prepared as described in paragraph 
E.1.2 were individually inoculated imo wells of mi- 



£1.1 Isolation of Messenger RNA for Ann CEA 60 crotitre dishes containing LB (Miller, Experiments 



Light and Heavy (Kappa and Gamma) Chains 

Total RNA for CEA.66-E3 cells was extracted essen- 
tially as reported by Lynch et al Virology, 98: 251 
(1979). Cells were pelleted by centrifugation and ap- 
proximately 1 g portions of pellet resuspended in 10 ml 
of 10 mM Nad, 10 mM Tris HC1 (pH 7.4), 1.5 mM 
MgCh. The resuspended ceils were iysed by addition of 
non-ionic detergent NP-40 to a final concentranon of 1 
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Molecular Genetics, p. 431-3, Cold Spring Harbor 
Lab., Cold Spring Harbor, N.Y. (1972)) + 5 u.g/mi tet- 
racycline and stored at -20* C after addition of 
DMSO to 7 percent. Individual colonies from this 
library were transferred to duplicate sets of Schleicher 
and Schuell BA85/20 nitrocellulose filters and grown 
on agar plates containing LB— 5 jig/ml tetracycline. 
After - 10 hours growth at 37* C. the colony filters 
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were transferred to agar plates containing LB +5 
u.g/ml tetracycline and 12.5 u-g/ml chloramphicol and 
reincubated overnight at 37 # C. The DNA from each 
colony was then denatured and fixed to the filter by a 
modification of the Grunstein-Hogness procedure as 
described in Grunsteia et aL t Proc NatL Acad. Sci 
(USA) 72: 3961 (1975), incorporated herein by refer- 
ence. Each filter was floated for 3 minutes on 0.5N 
- NaOH, 1.5M Nad to lyse the colonies and denature the 
DNA then neutralized by floating for 15 minutes on 3M 
NaCl, 0.5M Tris HQ (pH 7.5). The filters were then 
floated for an additional 15 minutes on 2XSSC and 
subsequently baked for 2 hours in an 80* G vacuum 
oven. The filters were * prehy bridized for —2 hours at 
room temperature in 0.9M Nad, 1 x Denhardts, 100 
mM Tris HQ (pH 7.5), 5 mM Na-EDTA. 1 mM ATP, 
1M sodium phosphate (dibasic), 1 mM sodium pyro- 
phosphate, 0.5 percent NP-40, and 200 jig/ml £ coU 
t-RNA, and hybridized in the same solution overnight, 
essentially as described by Wallace et aL Nucleic Acids 
Research 9: 879 (1981) using ~40x K^cptn of either the 
kinased kappa or gamma probe described above. 

After extensive washing at 37* C in 6X SSC, 0.1 
percent SDS, the filters were exposed to Kodak XR-5 
X-ray film with DuPont Lightning-Plus intensifying 
screens from 16-24 hours at —80* C Approximately 20 
colonies which hybridized with kappa chain probe and 
20 which hybridized with gamma chain probe were 
characterized. 

E. 1.5 Characterization of Colonies which Hybridize 
to Kappa DNA Sequence Probe 

Plasmid DNAs isolated from several different trans- 
formants which hybridized to kappa chain probe were 
cleaved with Pst I and fractionated by polyacrylamide 
gel electrophoresis (PAGE). This analysis demon- 
strated that a number of plasmid DNAs contained 
cDNA inserts large enough to encode full length kappa 
chain. The complete nucleotide sequence of the cDNA 
insert of one of these plasmids was determined by the 
dideoxynucleobde chain termination method as de- 
scribed by Smith, Methods EiizymoL 65, 560 (1980) in- 
corporated herein by reference after subcloning restric- 
tion endonucleaae cleavage fragments into M13 vectors 
(Messing et al.. Nucleic Acids Research 9: 309 (1981). 
FIG. 2 shows the nucleotide sequence of the cDNA 
insert of pK17G4 and FIG. 3 shows the gene sequence 
with the corresponding amino acid sequence. Thus, the 
entire coding region of mouse anti-CEA kappa chain 
was isolated on this one large DNA fragment. The 
amino acid sequence of kappa chain, deduced from the 
nucleotide sequence of the pK17G4 cDNA insert, cor- 
responds perfectly with the first 23 N-terminal amino 
acids of mature mouse and-CEA kappa chain as deter- 
mined by amino acid sequence analysis of purified 
mouse and-CEA kappa chain. The coding region of 
pK17G4 contains 27 basepairs or 9 amino acids of the 
presequence and 642 basepairs or 214 amino acids of the 
mature protein. The mature un glycosylated protein 
(MW 24,553) has a variable region of 1 19 amino acids, 
including the J I joining region of 12 amino acids, and a 
constant region of 107 amino acids. After the stop 
cod on behind amino acid 215 begins 212 basepairs of 3' 
untranslated sequence up to the polyA addition. The 
kappa chain probe used to identify pK17G4 hybridizes 
to nucleotides 374-388 (FIG. 2). 

E.1.6. Characterization of Colonies which Hybridize 
to Gamma 1 DNA Probe 



Plasmid DNA isolated from several transforroants 
positive for hybridization with the heavy chain gamma 
1 probe was subjected to Pst I restriction endonuciease 
analysis as described in £.1.5. Plasmid DNAs demon- 
5 strating the largest cDNA insert fragments were >e* 
lected for further study. Nucleotide sequence coding, 
for mouse heavy (gamma- 1) chain, shows an Ncol re- 
striction endonuciease cleavage sue near the junction 
between variable and constant region. Selected plasmid 
1° DNAs were digested with both PstI and Ncol and sized 
on polyacrylamide. This analysis allowed identification 
of a number of plasmid DNAs that contain Ncol restric- 
tion endonuciease sites, although none that demonstrate 
cDNA insert fragments large enough co encode rhe 
13 entire coding region of mouse anti-CEA heavy chain. 

In one plasmid isolated* p y298 the cDNA insert of 
about 1300 bp contains sequence information for the 5' 
untranslated region, the signal sequence and the N-ter- 
minal portion of heavy chain. Because py298 did not 
encode the C-terminal sequence for mouse ann-CEA 
gamma 1 chain, plasmid DNA was isolated from other 
colonies and screened with PstI and Ncol. The C •termi- 
nal region of the cDNA insert of py 1 1 was sequenced 
^ and shown to contain the stop codon. 3' untranslated 
sequence and that portion of the coding sequence miss- 
ing from p y298. 

FIG. 4 presents the entire nucleotide sequence of 
mouse anri-CEA heavy chain (as determined by the 
, Q dideozynucleotide chain termination method of Smith, 
Methods EmymcL 65: 560 (1980)) and FIG. 5 includes 
the translated sequence. 

The amino acid sequence of gamma I (heavy chain) 
deduced from the nucleotide -sequence of the py298 
35 cDNA insert corresponds perfectly to the first 23 N- ter- 
minal amino acids of mature mouse ann-CEA gamma 1 
chain as determined by amino acid sequence analysis of 
purified mouse anti-CEA gamma- 1 chain. The coding 
region consists of 57 basepairs or 19 amino acids of 
40 presequences and 1346 basepairs or 447 amino acids of 
mature protein. The mature unglycosolated protein 
(MW 52,258) has a variable region of 135 ammo acids, 
including a D region of 12 ammo acids, and a J4 joining 
region of 13 amino acids. The constant region is 324 
45 ammo acids. After the stop codon behind ammo acid 
447 begins 96 bp of 3' untranslated sequences up to, the 
polyA addition. The probe used to identify py298 and 
pyil hybridized to nucleotides 528-542 (FIG. 4V 

E.1.7 Construction of a Plasmid For Direct Espres- 
so sion of Mouse Mature Ann-CEA Kappa Chain Gene. 
pKCEAtrp207-!» 

FIG. 6 illustrates the construction of pKCEAtrp207- 

1» 

Fust, an intermediate plasmid pHGH207- \ m t having a 
55 single trp promoter, was prepared as follows: 

The plasmid pHGH 207 (described in U.S. Pat. No. 
4,663,233), was used to prepare pHGH 207-1, pHGH 
207 was digested with BamHI, followed by partial di- 
gestion with EcoRI. The largest fragment, which con- 
60 tarns the entire trp promoter, was isolated and ligated to 
the largest EcoRI-BamHI fragment from pBR322, and 
the ligation mixture used to transform £. coii 294. Tet 
and Amp resistant colonies were isolated, and most of 
them contained pHGH207-i. pHGH207-l - which lacks 
65 the EcoRI sue between the amp' 1 gene and the trp 
promoter, was obtained by partial digestion of 
pHGH207*l (de Boer et ai„ Promoters* Rodnquez et al. 
Eds. (1982), pp. 462-481 U.S. Pat. No. 4,663.283) wuh 
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EcoR I, filling in the ends with Klenow and dNTPs, basepair Pst I to bluni ended Ava II DNA fragment was 

and religation. isolated, purified and subjected to Hpa II restriction 

5 jig of pHGH207-l» was digested with EcoRI, and endonuclease digestion. The 497 basepair Hpa II to 

the ends extended to blunt ends using 12 units of DNA blunt ended Ava II DNA fragment (fragment I) was 

Polymerase I in a 50 pi reaction containing 60 mM 5 jsoated and purified after gel electrophoresis. 

NaCl, 7 mM MgCl* 7 mM Tris HC1 (pH 7.4) and I mM iq jig of pKCEAlntl DNA was digested with Ava I: 

in each dNTP at 3T C for I hour, followed; by extrac- tended with DNA polymerase I large fragment, and 

tion with pfaenol/CHCb and precipitation with ethanol. digested with Xba L Both the large blunt ended Ava I 

The precipitated DNA was digested with BamH I, and t0 xbal vector fragment and the small blunt ended Ava 

the large vector fragment fragment 1) purified using 5 io j „ xba I fragment were isolated and purified from a t> 

percent poiyacryUmide gei elecuophoresis electroelu. t ^1^^ gcl ^ electrophoresis. The 

tton, phenol/CHCl, extracnon and ethanol precipita- ^ ve £J 4) w J lT ^ wnh 

The DNA was ^suspended in 50 ^1 of 10 mM Tris ***** Alkaline Phosphatase (BAP), and the small 
pH 8, 1 mM EDTA and treated with 500 units Bacterial 13 fra / mcnt ^ ™* H P» ll ; eicctrophoresed on 

Alkaline Phosphatase (BAP) for 3ff at 65* followed by * < ^^l?^^' ^ 169 baS ? air X ^ 
phenol/CHCb extraction and ethanol precipitation. ^P* n DNA (fragment 5) was punfied. - < 5 

A DNA fragment containing part of the light chain n * of fr^S 03 " 1 4 * ~ 50 n S of fragment 3 and * 50 ng of 
sequence was prepared as follows: 7 >ig of pK17G4 fragment 5 were combined in a T4 DNA ligase reactm 
DNA was digested with Pst I and the kappa chain con- 20 md incubated overnight at 14', and the reacrion mix* 
taining cDNA insert was isolted by 6 percent gel eiec- tm transformed into E. colt K12 strain 294. Plasmid 
trophoresis, and electroelutioa After phenol/CHCh DNA from ampicillin resistant transformants were 
extraction, ethanol precipitaion and resuspensionin wa- analyzed by restriction endonuclease digestion. One 
ter, this fragment was digested with Ava II. The 333 bp plasmid DNA demonstrated the proper construction 
Pst I-Ava II DNA fragment was isolated and purified 25 and was digested pKCEAInt2. 
from a 6 percent polyacrylamide gel. ' Final construction was effected by li gating the 

A 15 nucleotide DNA primer was synthesued by the K-CEA fragment, including the trp promoter from 
phosphotriester method G.O. 2,644,432 (supra) and has pKC£Alnt2 into pBR322(XAP). (pBR322(XAP) ts 
the following sequence: prepared by deletion of the region of pBR322 between 

30 its unique Aval and Pvall sites) 
Ma Asp Dc Vii Met The K-CEA fragment was prepared by creating 

5' ATG GAC ATT GTT atg 3' pKCEAInt2 with Ava I, blunt ending with DNA poly*. 

merase I (Klenow fragment) in the presence of DNTPs. 

The 5' methionine serves as the initiation codon. 500 digestion with Pst I and isolation of the desired frag- 
ng of this pnmer was phosphorylated at the 5' end with 33 ment by gei electrophoresis and electroelution. 
t0 units T4 DNA kinase in 20 pi reaction containing 0.5 The large vector fragment from pBR322(XAP) was 
mM ATP. -200 ng of the Pst I-Ava II DNA fragment prepared by successive treatment with EcoR I, blunt 
was mixed with me20uiof mephosphoryiated primer, ending with polymerase, and redigestion with Pst I. 
heated to 95* C for 3 minutes and quick frozen in a followed by isolation of the large vector fragment bv 
dry-ice ethanol bath. The denatured DNA solution was 40 electrophoresis and electroelution. 
made 60 mM Nad, 7 mM Mgd 2 , 7 mM Tris HQ (pH The K-CEA and large vector fragments as prepared 
7.4) 12 mM in each dNTP and 12 units DNA Polymer- m ^ p recc ding paragraphs were ligated with T4 DNA 
ase I-Large Fragment was added. After 2 hours incuba- IigasCf ^ the Iigalion transfonne d mto £. coti 

n °w™ C ttn L pnmcr ^ . Mac « m P he " as above. Plasmid DNA from several ampicillin resis- 
noL^CHQi extracted ethanol precipitated, and digested 45 mt ^fon^ wcre elected for analysis, and one 
o completion with Sau 3A. The reaction mixture was pla5mid DN A demonstrated the proper construction. 

- pK ^ 207 ; 1 ; , n 

c.„ i a fJ™, °t /fZZ^^^ L^^ a E.l.8 Construction of a Plasmid Vector for Direct 
end to Sau 3A fragment (fragment 2) was obtained after n ■ - XA x , M _ A . . „ A u 

electroelution. 50 £? preMI0 ° ° f . ^ rc *™* CEA Hcavy 

100 ng of fragment I (supra) and 50 ng of fragment 2 I ) Chain Gene, pyCEAtrp207. 1 • 

were combined in 20 ^1 of 20 mM Tris HC1 (pH 7.5), 10 /}?: 7 Mmuva the construction of pyCEAtrpZO > - 
mM MgCh, 10 mM DTT, 2.5 mM ATP and 1 unit of 1 ' TYi3S P lasimd was constructed m wo P*" 5 beginning 

T4 DNA ligase. After overnight ligation at 14* C the ^ con3tniction of lne c - renmnal of tne gamma 

reaction was transformed into £. coli K12 strain 294. J5 1 

Restriction endonuclease digestion of plasmid DNA 5 M of plasmid pHGH207-l- was digested wnh Ava 

from a number of ampicillin resistant transformants ^^ded to blunt ends with DNA polymerase I large 

indicated the proper construction and DNA sequene fragment (Klenow fragment), extracted wirh phe- 

anaiysis proved the desired nucleotide sequence nol/CHCl3, and ethanol precipitated. The DNA was 

through the initiation codon of this new plasmid, 60 digested with BamH I treated with BAP and the iarge 

pKCEAlntl (FIG. fragment (fragment A) was purified by 6 percent poly- 

The remainder of the coding sequence of the kappa acrylamide gel electrophoresis and electroelution. 

light chain gene was prepared as follows: ~-5 MS of p?li was digested with Pst I and the 

The Pst I cDNA insert fragment from 7 u-g of K17G4 gamma chain cDNA insert fragment containing the 

DNA was partially digested with Ava II and the Ava II 65 C-terminai portion of the gene was pimfted, digested 

cohesive ends were extended to blunt ends in a DNA with Ava II followed by extension of the Ava II cone- 

Polymerase I large fragment reaction. Following 6 sive ends with Klenow, followed by Taq I digestion, 

percent polyacrylamide gel electrophoresis the 686 The 375 basepair blunt ended Ava II to Taq I fragment 
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(fragment B) was isolated and purified by gel electro* 
phoresis and electroeiuiion. 

9 ;ig of py298 was digested with Taq I and BamH I 
for isolation of the 496 basepair fragment (fragment C). 

Approximately equixnolar amounts of fragments A, 
B, and C were ligated overnight at 14* in 20 ul reaction 
mixture, then transformed into £ coli strain 294. The 
piasmid DNA from six ampicillin resistant transfor- 
mants was commined to restriction endonuclease analy- 
sis and one piasmid DNA, named p7CEAlnt, demon- 
strated the correct construction of the C-terminai por- 
tion of gamma 1 (FIG. 5). 

To obtain the N-tenninai sequences, 30 fig of py298 
was digested with Pst X and the 628 basepair DNA 
fragment encoding the N-terrninal region of mouse 
anti-CEA gamma chain was isolated and purified. This 
fragment was further digested with Alu I and Rsa I for 
isolation of the 280 basepair fragment. A 15 nucleotide 
DNA primer 

act jlu v«i met leu 

5' ATG GAA GTG ATG CTG 3* 
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was synthesized by the phosphotriester method (supra). 

The 5' methionine serves as the initiation codon. 300 25 
ng of this synthetic oligomer primer was phosphory* 
lated at the 5' end in a reaction with 10 units T4 DNA 
kinase containing 0*5 mM ATP in 20 ul reaction mix* 
rare. -500 ng of the 280 basepair Alu I-Rsa I DNA 
fragment was mixed with the phosphory laxed primer. 30 
The mixture was heat denatured for 3 minutes at 95* and 
quenched in dry-ice ethanoL The denatured DNA solu- 
tion was made 60 mM NaCl 7 mM MgCh, 7 mM Tris 
HC1 (pH 7.4), 12 mM in each dNTP and 12 units DNA 



with Pst L and isolation of the large vector fragment by 
gel electrophoresis. - A 1543 base pair fragment from 
pyCEAInt2 containing trp promoter linxed with rhe 
N-terminai coding region of the heavy chain gene was 
isolated by treating p7CEAlnt2 with Pst I followed by 
BamH I, and isolation of the desired fragment using* 
PAGE. The 869 base pair fragment containing the C- 
tenninal coding portion of the gene was prepared by 
partial digestion of p7C£Alnt2 with Ava I. blund end- 
ing with Kienow, and subsequent digestion with BamH 
I, followed by purification of the desired fragment by 
gel electrophoresis. 

The aforementioned three fragments were then li- 
gated under standard conditions using T4 DNA Ugase. 
and a ligation mixture used to transform £ coli strain 
294. Piasmid DNAs from several tetracycline resistant 
transformants were analyzed; one piasmid DNA dem- 
onstrated the' proper construction and was designated 
P7CEAtrp207-l*. 

£1.9. Production of Immunoglobulin Chains by £ 
coli 

R coli strain W3110 (ATTC No. 27325} was trans- 
formed with p7CEAtrp207-l* or pKCEAtrp207- [ • 
using standard techniques. 

To obtain double transformants. £ coli strain W3 1 10 
cells were transformed with a modified pKC£Atrp207- 
1*, pKCEAtrp207-l»^, which had been modified by 
cleaving a Pst I-Pvu I fragment from the amp" gene and 
rdigaring. Ceils transformed with pKCEAtrp207.f.i 
are thus sensitive to ampicillin but still resistant to tetra- 
cycline. Successful transformants were retransformcd 
using pyCEAInU which confers resistance to ampicil- 
lin but not tetracycline. Cells containing both 



Polymerase I-Large Fragment was After 2 35 pKCEAtrp207-l*A and p7CEAint2 thus identified by 

hours incubation at 37* C, this primer repair reaction *" 
was phenol/CHCb extracted, ethanol precipitated, and 
digested to completion with Hpall. ~ 50 ng of the ex- 
pected 125 basepair blund-end to Hpa II DNA fragment 
(fragment D) was purified from the gel 

A second aliquot of py298 DNA was digested with 
Pst I, the 628 basepair DNA fragment purified by poly- 
acryiamide gel electrophoresis, and further digested 
with BamH I and Hpa II. The resulting 380 basepair 



growth in a medium containing both ampicillin and 
tetracycline. 

To confirm the production of heavy and/or light 
chains in the transformed ceils, the cell samples were 
40 inoculated into M9 tryptophan free medium containing 
10 ng/ml tetracycline, and induced with mdoleacrylic 
acid (IAA) when the OD 550 reads 0.5. The induced 
cells were grown at 37* C during various time periods 
and then spun down, and suspended in TE buffer con- 



fragment (fragment E) was purified by gel electropho- 45 fining 2 percent SDS and 0.1M 0-mercaptoethanoi and 



— 5 fig of pyCEAIntl was digested with EcoR I, the 
cohesive ends were made flush with DNA polymerase 
I (Klenow), further digested with BamH I, treated with 
BAP and electrophoresed on a 6 percent polyacryl- 
amide gel. The large vector fragment (fragment F) was 
isolated and purified. 

In a three fragment ligation. 50 ng fragment D, 100 ng 
fragment E, and 100 ng fragment F were ligated over- 



boiled for 5 minutes. A 10 X volume of acetone was 
added and the cells kept at 22* C. for 10 minutes, then 
centrifuged at 12,000 rpm. Hie precipitate was sus- 
pended in O'FarreU SDS sample buffer (OTarreil. P. 
50 H., /. Biol Chem., 250: 4007 (1975)); boiled 3 minutes, 
recemrifuged, and fractionated using SDS PAGE (10 
percent), and stained with silver stain (Goldman. D. ei 
at. Science 211: 1437 (1981)); or subjected to Western 
blot using rabbit anti-mouse IgO (Burnett, W. N.. et al.. 



night at 4* in a 20 ^reaction mixture and used to trans- 35 Anal Biochem. 112: 195 (1981)), for identification light 



form E. coli K12 strain 294. The piasmid DNAs from 12 
ampicillin resistant transformants were analyzed for the 
correct construction and the nucleotide sequence sur- 
rounding the initiation codon was verified to be correct 
for the piasmid named pyCEAIntl. 

The expression piasmid, p7CEAtrp207-I* used for 
expression of the heavy chain gene is prepared by a 
3-way ligation using the large vector fragment from 
pBR322(XAP) (supra) and two fragments prepared 
from pyCEAIntl 

pBR322(XAP) was treated as above by digestion 
with EcoRl, blunt ending with DNA polymerase (Kle- 
now) in the presence of dNTPs, followed by digestion 



chain and heavy chain 

Cells transformed with pyCEAtrp207- 1 • showed 
bands upon SDS PAGE corresponding to heavy chain 
molecular weight as developed by silver stain. Cells 
60 transformed with piCCEAtrp207-l* showed the proper 
molecular weight band for light chain as identified by 
Western blot; double transformed cells showed bands 
for both heavy and light chain molecular weight prote- 
ins when developed using rabbit anti-mouse IgG by 
65 Western blot. These results are shown m FIGS. 8A, 8B. 
and SC. 

FIG. 8 A shows results developed by silver stain from 
cells transformed with p7CEAtrp207-I*. Lane 1 is 
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monoclonal anti-CEA heavy chain (standard) from 
CEA.66-E3. Lanes 2b- 5b are timed samples 2 hrs, 4 hrs, 
6 hrs, and 24 hrs after IAA addition. Lanes 2a-5a are 
corresponding untransfonned controls; Lanes 2c-5c are 
corresponding uninduced transformants. 

FIG. SB shows results developed by Western blot 
from cells transformed with pKCEAtrp207-l». Lanes 
lb-6b are extracts from induced cells immediately, 1 hr, 
3.5 hrs, 5 hrs, 8 hrs, and 24 hrs after IAA addition, and 
la-6a corresponding uninduced controls. Lane 7 is an 
extract from a p7CEAtrp207-l* control lanes 8, 9, and 
10 are varying amounts of anti CEA-kappa chain from 
CEA.66-E3 cells. 

FIG. 8C shows results developed by Western blot 
from four colonies of double tranformed cells 24 hours 
after IAA addition (Lines 4-7). Lanes 1-3 axe varying 
amounts of monoclonal gamma chain controls, lanes 8 
and 9 are untransfonned and pyCEAtrp207-l* trans- 
formed cell extracts, respectively. 

In another quantitative assay, frozen, transformed £ 
coii cells grown according to E. 1. 10 (below) were lysed 
by heating in sodium dodecyl sulfate (SDS)/0-mercap- 
toethanol cell lysis buffer at 100\ Aliquots were loaded 
on an SDS poiyacrylamide gel next to lanes loaded with 23 
various amounts of hybridoma anti-CEA. The gel was 
developed by the Western blot, Burnett (supra), using 
125 I-labeled sheep anti-mouse IgG antibody from New 
England Nuclear. The results are shown in FIG. 9. The 
figure shows that the £. coli products co-migrate with 
the authentic hybridoma chains indicating no detect- 
able proteolytic degradation in £ coli Heavy chain 
from mammalian ceils is expected to be slightly heavier 
than £ coii material due to glycosyiation in the former. 
Using the hybridoma lanes as a standard, the following 
estimates of heavy and light chain production were 
made: 



26 



10 



15 



20 



30 



35 



(Per gran of cells) 


E cotf (W3U0/p7CEAtrpZ07-l*) 


3 mgy 


£ coii (W3UO/p*CCEAtrp207-l») 


15 nf K 


£. «/i (W3U0/pKCEAtrp2O7-l»A. jryCEA 


0.3 raf JC 1.0 rag y 


Inc2) 





E.l.10 Reconstitution of Antibody from Recombi- 
nant K and Gamma Chains 

In order to obtain heavy and light chain preparation 
for reconstitution, transformed cells were grown in 
larger batches, harvested and frozen. Conditions of 
growth of the variously transformed cells were as fol- 
lows: 

£ coii (W3110/pyCEAtrp207-I») were inoculated 
into 500 ml LB medium containing 5 pg/mi tetracycline 
and grown on a rotary shaker for 8 hours. The culture 
was then transformed to 10 liters of fermentation me- 
dium containing yeast nutrients, salts, glucose, and 2 
jig/ml tetracycline. Additional glucose was added dur- 
ing growth and at OD 550=* 20, indoleacrylic (IAA), a 
trp dercprcssor. was added to a concentration of 50 
jig/mi. The cells were fed additional glucose to a final 
OO 550=40, achieved approximately 6 hours from the 
IAA addition. 

£ coii (W3110) cells transformed with pKCEA trp 
207-1* and double transformed (with pKCEAtrp207- 
l*& and p7CEAInt2) were grown in a manner analo- 
gous to that described above except that the OD 550 six 
hours after IAA addition at harvest was 25-30. 
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The cells were then harvested by centrifugauon. and 
frozen. 

E.2 Assay Method for Reconstituted Antibody 
Anti-CEA activity was determined by ELISA as a 
criterion for successful reconstruction. Wells of micro- 
titer plates (Dynatech Immulon) were saturated with- 
CEA by incubation 100 ui of 2-5 \±g CEA/ml solution 
in 0.1M carbonate buffer, pH 9.3 for 12 hours at room 
temperature. The wells were then washed 4 times wuh 
phosphate buffered saline (PBS), and then saturated 
with BSA by incubating 200 ui of 0.5 percent BSA in 
PBS for 2 hours at 37* C, followed by washing 4 times 
with PBS. Fifty microliters of each sample was applied 
to each well. A standard curve (shown in FIG. 10). was 
run, which consisted of 50 yd samples of 10 ug, 5 u,g, 1 
ftg, 500 ng, 100 ng, 50 ng, 10 ng, 5 ng and I ng anti- 
CEA/ml in 0.5 percent BSA in PBS, pius 50 of 0.5 
percent BSA in PBS alone as a blank. All of the samples 
were incubated in the plate for 90 minutes at 37* C. 

The plates were then washed 4 times wuh PBS. and 
sheep anti-mouse IgG-alkaline phosphate (TAGO. Inc.) 
was applied to each well by adding 100 ul of enzyme 
concentration of 24 units/ml in 0.5 percent BSA in PBS. 
The solution was incubated at 37* C. for 90 minutes. 
The plates wer washed 4 rimes with PBS before adding 
the substrate, 100 of a 0.4 mg/ml solution of p-mtro- 
phenylphosphate (Sigma) in ethanolamine buffered sa- 
line, pH 9.5. The substrate was incubated 90 minutes at 
37* C for color development 

The A450 of each well was read by the Microeiisa 
Auto Reader (Dynatech) set to a threshold of 1.5. cali-" 
oration of 1.0 and the 0.5 percent BSA in PBS (Blank) 
well set to 0.000. The A450 data was tabulated in RS-l 
on the VAX system, and the standard curve data fined 
to a four-parameter logistic model. The unknown sam- 
ples' concentrations were calculated based on the A* 50 
data. 

E.3 Reconstruction of Recombinant Antibody and 
Assay 

Frozen cells prepared as described in paragraph 
E.1.10 were thawed in cold lysis buffer [10 mM Tns 
HQ, pH 7.5, 1 mM EDTA. 0.1M NaCl. 1 mM phenyl- 
methylsulfonyl fluoride (PMSF)] and lysed by somca- 
tion. The lysate was partially clarified by centnfugauon 
for 20 mm at 3,000 rpm. The supernatant was protected 
from proteolytic enzymes by an additional t mM 
PmSF, and used immediately or stored frozen at — 80° 
C; frozen lysates were never thawed more than once. 

The S-suIfonate of £1 coii produced anti-CEA heavy 
chain (y) was prepared as follows: Recombinant E. coii 
cells transformed with p-yCEAtrp207-l' which con- 
tained heavy chain as insoluble bodies, were lysed and 
cencrifuged as above; the pellet was resuspended in the 
same buffer, sonicated and re-centrifuged. This pellet 
was washed once with buffer* then suspended in 6M 
guanidine HC1, 0. 1M Tris HC1, pH 8. 1 mM EDTA, 20 
mg/ml sodium sulfite and 10 mg/ml sodium tetrathio- 
nate and allowed to react at 25* for about 16 hrs. The 
reaction mixture was dialyzed against SM urea. 0.1M 
Tris HC1. pH 8, and stored at 4\ to give a 3 mg/ml 
solution of Y-SSO3. 

650 ui of cell lysate from cells of various E, coii 
strains producing various IgG chains, was added to 500 
mg urea. To this was added /3-mercaptoethanol to 20 
mM, Tris-HCl, pH 8.5 to 50 raM and EDTA to 1 mM. 
and in some experiments, y-SSOj was added to 0.1 
mg/ml. After standing at 25* for 30-90 mins., "the reac- 
uon mixtures were dialyzed at 4* against a buffer com- 
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posed of 0.1 M sodium glyctnate, pH 10.8, 0.5M urea, 10 
mM glycine ethyl ester, 5 mM reduced glutathione. 0. 1 
mM oxidized glutathione. This buffer was prepared 
from Ni-saturated water and the dialysis was performed 
in a capped Wheaton bottle. After 16-48 hours, dialysis 5 
bags were transferred to 4* phosphate buffered saline 
containing 1 mM PMSF and dialysis continued another 
16-24 hrs. Dialysates were assayed by ELISA as de- 
scribed in paragraph E2 for ability to bind CEA. The 
results below show the values obtained by comparison 
with the standard curve in x ng/ml anti-CEA. Also 
shown are the reconstruction efficiencies calculated 
from the ELISA responses, minus the background (108 
ng/ml) of cells producing K chain only, and from esti- 
mates of the levels of y and K chains in the reaction 
mixtures. 
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E4 Preparation of Chimeric Antibody 

FIGS. 11 and 12 show the construction of an expres- 30 
sion vector for a chimeric heavy (gamma) chain which 
comprises the murine anti CEA variable region and 
human 7-2 constant region. 

A DNA sequence encoding the human gamma-2 
heavy chain is prepared as follows: the cDNA Hbary 
obtained by standard techniques from a human multiple 
myleoma cell line is probed with 5' GGGCACT- 
CGAGACAA 3' to obtain the piasmid containing the 
cDNA insert for human gamma-2 chain (Takahashi. et 
al, Cell 29: 671 (1982), incorporated herein by refer- 
ence), and analyzed to verify its identity with the 
known sequence in human gamma-2 (Ellison. J., et al. t 
Pnc NatL Acad. ScL {USA), 79: 1984 (1982) incorpo- 
rated herein by reference). 43 

As shown in FIG. 11, two fragments are obtained 
from this cloned human gamma 2 piasmid (py2). The 
first fragment is formed by digestion with PvuII fol- 
lowed by digestion with Ava HI, and purification of the 
smaller DNA fragment, which contains a portion of the J0 
constant region, using 6 percent PAGE. The second 
fragment is obtained by digesting the py2 with any 
restriction enzyme which cleaves in the 3' untranslated 
region of 7 2, as deduced fromthe nucleotide sequence, 
ilDing in with Klenow and dNTPs, cleaving with Ava 33 
IB. and isolating the smaller fragment using 6 percent 
PAGE (The choice of a two step, two fragment com- 
position to supply the PvuII-3' untranslated fragment 
provides a cleaner path to product due to the proximity 
of the AVAIII site to the 3 terminal end thus avoiding 60 
additional restriction sites in the gene sequence match- 
ing the 3' untranslated region site.) P7CEA207-1* is 
digested with EcoR 1, treated with Klenow and dNTPs 
to fill in the cohesive end, and digested with Pvu II, the 
large vector fragment containing promoter isolated by 6 62 
percent PAGE. 

The location and DNA sequence surrounding the 
PvuII site in the mouse gamma- 1 gene are identical to 



the location and DNA sequence surrounding the PvuII 
site in the human gamma-2 gene. 

The piasmid resulting from a three way ligation of the 
foregoing fragments* pChiml, contains, under the influ- 
ence of trp promoter, the variable and pan of the con- 
stant region of murine anti-CEA gamma 1 chain, and a. 
portion of the gamma 2 human chain. pChiml will, in 
fact, express a chimeric heavy chain when tranformed 
into £L coIL but one wherein the change from mouse to 
human does not take place at the variable to constant 
junction. 

FIG. 12 shows modification of pChiml to construct 
pChim2 so that the resulting protein from expression 
will contain variable region from murine ami CEA 
antibody and constant region from the human 7-2 chain. 
First, a fragment is prepared from pChiml by treating 
with Nco I, blunt ending with Klenow and dNTPs. 
cleaving with Pvu IL and isolating the large vector 
fragment which is almost the complete piasmid except 
for short segment in the constant coding region for 
mouse ana CEA. A second fragment is prepared from 
the previously described p?2 by treating with Pvu II. 
followed by treating with any restriction enzyme which 
cleaves in the variable region, blunt ending with Kle- 
now and dNTPs and isolating the short fragment which 
comprises the junction between variable and constant 
regions of this chain. 

Ligation of the foregoing two fragments produces an 
intermediate piasmid which is correct except for an 
extraneous DNA fragment which contains a small por- 
tion of the constant region of the murine ami CEA 
antigen, and a small portion of the variable region of the 
human g» mm * chain. This repair can be made by excis- 
ing the Xba I to Pvu II fragment and cloning into M 1 3 
phage as described by Messing et al.. Nucleic Acids Res. 
9: 309 (1981), followed by in vitro sue directed deletion 
mutagenesis as described by Adelman. et al.. DNA. in 
press (1983) which is incorporated herein by reference. 
The Xba I-Pvu II fragment thus modified is ligated back 
into the intermediate piasmid to form pChim2. this pias- 
mid then is capable of expressing in a suitable host a 
cleanly constructed murine vanable/human constant 
chimeric heavy chain. 

In an analogous fashion, but using mRNA templates 
for cDNA construction for human kappa rather than 7 
chain, the expression piasmid for chimeric light chain is 
prepared. 

The foregoing two plasmids are then double trans- 
formed into E. coli W3110, the cells grown and the 
chains reconstituted as set forth in paragraph E.l-E.3 
supra. 

E.5 Preparation of Altered Murine Anti-CEA Anti- 
body 

E.5.1 Construcaon of Piasmid Vectors for Direct 
Expression of Altered Murine Anti-CEA Heavy Chain 
Gene 

The cysteine residues, and the resultant disulfide 
bonds in the region of ammo acids 216-230 in the con- 
stant region of murine anti-CEA heavy chain are sus- 
pected to be imported for complement fixation (Klein, 
et al.. Pnc NatL Acad. ScL (USA), 78: 524 (1981)) but 
not for the antigen binding property of the resulting 
antibody. To decrease the probability of incorrect disul- 
fide bond formation during reconstruction according to 
the process of the invention herein, the nucleotides 
encoding the amino acid residues 226-232 which in- 
cludes codons for three cysteines, are deleted as fol- 
lows: 
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A "deleter** deoxyoligonuceloude, 5' CTAACAC- 
CATGTCAGGGT is used to delete the relevant por- 
tions of the gene from p-yCEAtrp207-l* by the proce- 
dure of Wallace. etaL,3c;e/rc& 209: 1396 (1980). Briefly, 
the "deleter" deoxyoligonucelotide is annealed with 5 
denatured p7CEAtrp207-l' DNA, and primer repair 
synthesis carried out in vitro, followed- by screening by 
hybridization of presumptive deletion clones with ? iZ 
labelled deleter sequence. 

E5.2 Production of Cysteine Deficient Altered Ann- 10 
body 

The pi asm id prepared in £.5.1 is transformed into an 
Ecoli strain previously transformed with 
pKCEAtrp2G7-l* as described above. The cells are 
grown, extracted for recombinant antibody chains, and 15 
the altered antibody reconstituted as described in 

euq. 

E6 Preparation of Fab 

E.6.1 Construction of a Plasmid Vector for Direct 
Expression of Murine Anti-CEA Gamma 1 Fab Frag- 20 
ment Gene pyCEAFabtrp207-l* 

FIG. 13 presents the construction of rryCEA- 
Fabtrp207*l*. 5 jig of pBR322 was digested with Hind 
IIL the cohesive ends made flush by treating with Kle- 
now and dNTPs; digested with Pst I> and treated with 23 
BAP. The large vector fragment, fragment I, was re- 
covered using 6 percent PAGE followed by electrocu- 
tion. 

5 /ig of pyCEAtrp207-l* was digested with both 
BamH I and Pst I and the -1570 bp DNA fragment 30 
(fragment H) containing the trp promoter and the gene 
sequence encoding the variable region continuing into 
constant region and further into the anti-CEA gamma 1 
chain hinge region, was isolated and purified after elec- 
trophoresis. 35 

Expression of the anti-CEA gamma 1 chain Fab frag- 
ment rather than complete heavy chain requires that a 
termination condon be constructed at the appropriate 
location in the gene. For this, the 260 bp Nco I-Nde I 
DNA fragment from 20 jig of the p-y 298 was isolated 40 
and purified. A 13 nucleotide DNA primer, the comple- 
ment of which encodes the last 3 C-terminal amino 
acids of the Fab gene and 2 bases of the 3 needed for the 
stop codon, was synthesized by the phosphotriester 
method (supra). The probe hybridizes to nucleotides 43 
754 to 767 (FIG. 4) which has the following sequence: 



Asp Cy» Oly Stop 
5' GGCATTGTGGTTG 3' 
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The third base of the stop codon is provided by the 
terminal nucleotide of the filled-in Hind III site from 
pBRJ22 cleavage described above. 300 ng of this primer 
was used ma primer repair reaction by phosphorylation 55 
at the 5' end in a reaction with 10 units T4 DNA kinase 
containing 0.3 mM ATP in 20 ui, and mixing with 
-200 ng of the Nco I-Nde I DNA fragment. The mix- 
ture was heat denatured for 3 minutes at 93* and 
quenched in dry-ice ethanoi. The denatured DNA solu- 60 
tion was made 60 mM NaCl 7 mM MgCl?, 7 mM Tris 
HCI (pH 7.4), 12 mM in each dNTP and 12 units DNA 
Polymerase I-Large Fragment was added. After 2 



hours incubation at 37* C, this primer repair reaction 
was phenol/CHClj extracted, ethanoi precipitated, di- 
gested with BamH I and the reaction electrophoresed 
through a 6 percent polyacrylamide gel. - 50 ng of the 
181 bp blunt end to BamH I DNA fragment, fragment 
III, was isolated and purified. 

— 100 ng of fragment I, - 100 ng each of fragments II 
and III were ligaxed overnight and transformed mto £ 
coil K12 strain 294. Plasmid DNA from several tetracy- 
cline resistant iransfonnants was analyzed for the 
proper construction and the nucleotide sequence 
through the repair blunt end fUled-in Hind III junction 
was determined for verification of the TGA stop codon. 

E6.2 Production of Fab Protein 

The plasmid prepared in E6.1 is transformed into an 
£ colt strain previously transformed with 
pKCEAtrp207-t* as described above. The ceils are 
grown, extracted for recombinant antibody chains and 
the Fab protein reconstituted as described in El. 10. 

We claim: 

1. A method comprising 

(a) preparing a DNA sequence encoding a chimeric 
immunoglobulin heavy or light chain having speci- 
ficity for a particular known antigen wherein a 
constant region is homologous to the correspond- 
ing constant region of an antibody of a first mam- 
malian species and a variable region thereof is ho- 
mologous to the variable region of an antibody 
derived from a second, different mammalian spe- 
cies; 

(b) inserting the sequence into a replicable expression 
vector operably linked to a suitable promoter com- 
patible with a host ceil; 

(c) transforming the host cell with the vector of (b); 

(d) culturing the host cell; and 

(e) recovering the chimeric heavy or light chain from 
the host cell culture. 

2. The method of claim 1 wherein the first mamma- 
lian species is human. 

3. A composition comprising a chimeric immuno- 
globulin heavy or light chain having specificity for a 
particular known antigen having a constant region ho- 
mologous to a corresponding constant region of an 
antibody of a first mammalian species and a variable 
region homologous to a variable region of an antibody 
derived from a second, different mammalian species. 

4. The chimeric heavy or tight chain of clam 3 
wherein the constant region is human. 

5. A replicable expression vector comprising DNA 
operably linked to a promoter compatible wtth a suit- 
able host cell* said DNA encoding a chimenc immuno- 
globulin heavy or light chain having specificity for a 
particular known antigen and having a constant region 
homologous to a corresponding region of an antibody 
of a first mammalian species and a variable region ho- 
mologous to a variable region of an antibody derived 
from a second, different mammalian species. 

6. The vector of claim 5 wherein the first mammalian 
species is human. 

7. Recombinant host cells transformed with the vec- 
tor of claim 5. 
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Summary 

We have studied the ONA sequences required for 
high level expression of a cloned heavy chain im- 
munoglobulin gene stably introduced into mouse 
myeloma cells by DNA transfection. We found that 
dHA sequences derived from the germ line J H -C, 
region are required for accurate and efficient tran- 
scription from a functionally rearranged V H promoter. 
Similar to viral transcriptional enhancer elements, 
these cellular sequences stimulate transcription 
from either the homologous V H gene segment pro- 
moter or a heterologous SV40 promoter. They are 
active when placed on the 5' or 3' side of the 
rearranged V H gene segment and they function when 
their orientation is reversed. However, unlike viral 
enhancers, the Ig gene enhancer appears to act in 
a trssue-specific manner, since it is active in mouse 
B bells but not in mouse fibroblasts. The nucleotide 
sequence of the Ig enhancer region contains re* 
pelting elements that closely resemble sequence 
elements found in many viral enhancers. We discuss 
the possible role of tissue-specific transcription in 
cell differentiation and malignant transformation. 

Introduction 

Mjiecuiar analyses oi immunoglobulin (Ig) genes estab- 
lished that an Ig polypeptide chain is encoded in multiple 
gene segments scattered along a chromosome of the 
germ fine genome and that these gene segments must be 
brought together to form a complete Ig gene active in B 
lymphocytes (For a review see Tonegawa, 1983) This 
somatic assembly oi Ig gene segments is achieved by a 
series oi developmentally-controlled recombination events 
that occur during the differentiation of B cells 

Two types of recombination occur V- J or V-D- J joining 
and switch recombination, The V-J and V-D- J joinings 
are essentia) for the formation of the DNA sequence coding 
for the variable (V) region of the light and heavy chain, 
respectively, while switch recombination replaces the con- 
stant (C) region coding sequence ot the heavy chain of 
one class (usually ^) with another (7, «, a, etc ) The exact 



timing of these recombination events in the course oi B 
cell development has not been determined, but both V-J 
and V-D-J joining occur before the celkencounters anti- 
gens 

One of the most important functions of the V-J and V- 
D-J joinings is to create complete Ig genes with a diverse 
set of V region-coding DNA sequences from a limited 
number of the gene segments earned in the germ line 
genome (Tonegawa. 1983) Another important lunction oi 
V-J and V-D-J joining events is in the control oi the 
expression ot Ig genes during B cell differentiation On the 
basis of the line structural analysts ot Ig genes, it is dear 
that these joining events are prerequisite for the synthesis 
of a complete Ig chain there is no evidence that any 
unrearranged germ line Ig gene segment can directly 
participate with its coding capacity in the synthesis of a 
complete, functional Ig chain (Brack et at , 1978. Bernard 
et al., 1978. Sakano et al. t 1979. Max et al , 1979. Early et 
a!., 1980. Sakano et al.. 1980) In lact, it has been shown 
that in a myeloma cell the RNA transcript of an unrear- 
ranged V. segment is no more than 0 1 copy per gene, a 
level at least four orders of magnitude lower than that of 
the transcript from the rearranged, expressed V. segment 
present in the same cell (Mather and Perry, 1981) 

Both the V-J and V-D-J joining events alter the se- 
quence configurations in the 3' region of the germ line V 
gene segment, but the 5' flanking region of the V gene 
segment, where the transcription promoter and other con- 
trolling elements reside, is unaffected by the rearrange- 
ment (Bernard et al , 1978 and Clarke et al , 1982) Al- 
though a few nucleotide differences have been found 
between the germ line and somatic sequences m the 5' 
flanking region of V gene segments (Sakano et al . 1980), 
these base substitutions are by-products of the somatic 
mutation events whose physiological role is to diversify the 
V-coding sequences (Bernard et al . 1 978, Weigert and 
Riblet, 1976, Seising and Storb, 1981) These base 
changes are not systematic and therefore are thought to 
have no bearing on the control ot Ig gene expression 
(Clarke et al., 1982) 

A possble explanation of how the downstream se- 
quence rt tight conic; UanscnptioncJ competence to ;h? 
rearranged V gene segment promoter is through transcrip- 
tional enhancement Although the mechanism of this phe 
nomenon is unknown, specific viral DNA sequence ele- 
ments have been described (Banerji et al , 1981 . de Vilhers 
et al , 1981. Levinson et al . 1982) which enhance viral or 
recombinant cellular gene transcription Because such 
enhancer elements can activate transcription from pro 
moters which are located either upstream or downstream, 
and more than 1 kb away, it is possible that an analogous 
element might be located near the C gene segment The 
observations that the C gene segments, in contrast to the 
V gene segments, are transcnptionally active in lymphoid 
cells m the absence of rearrangement support this hypoth- 
esis In this case, promoter-like sequences upstream of 
the C gene segments are utilized for transcription but the 
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transcripts are degraded in the nuclei (Kemp et ai , 1980. 
Van Ness et al , 1982) 

The recent technical advances for introducing cloned 
immunoglobulin genes into lymphoid cells (Oi et al . 1983, 
Rice et al.. 1983) have made it possible to study the 
structure-function relationship between specific DNA se- 
quences and gene expression in these cells We describe 
an enhancer element in the major intron of a rearranged 
"rsb heavy chain gene This sequence is located between 
the J H region and the switch-recombination site utilized in 
myeloma MOPC 141, i.e.. it is derived from sequences 
upstream of the germ line C m gene segment 

Results 

High Level Expression of the Heavy Chain Gene 
Introduced into Myeloma Cells 

We previously reported that the functionally rearranged 
immunoglobulin heavy chain (7^) gene from MOPC 141 
tumor cells (Sakano et at , 1980) can be accurately ex- 
pressed at a low level in transfected mouse L cells (Gillies 
et al , 1983) For the studies presented here, we subcloned 
the same 7^ gene fragment into plasmid pSV2gp/ (Mulli- 
gan and Berg, 1980), transfected the mouse myeloma line, 
J558L, and selected for gpt gene activity by resistance to 
mycophenoiic acid. This J558L line has lost the ability to 
express the endogenous immunoglobulin heavy chain 
gene but continues to synthesize a X light chain Further- 
more, J558L has been shown to have a relatively high 
transformation frequency (>10~*) when pSV2gpr vectors 
containing light chain genes are used for transfection (Oi 
et al.. 1983) 

Using a modified protocol for protoplast fusion (see 
Expenmenta\ Procedures), we found that plasmid pSV- 
72t>VC ( Fl 9ure 1) transforms J558L cells at a frequency of 
greater than 10~ 3 . This high frequency made it possible to 
use pools of independently-derived clones of gpt trans- 
formants to compare the expression of plasmids contain- 
ing defined deletions with that 0/ the parental plasmid pSV- 
7?dVC The advantage of this method is that the resulting 
cell lines represent several independent integration events 
(required for transformation), therefore the level of heavy 
chain gene expression in a given pool should reflect the 
average level of the individual clones Thus the possible 
effect of the site of integration on the expression of the 
transfected gene is minimized 

Cell lines obtained by transiectton with plasmid pSV- 
-^VC and selection for gpt expression (growth in the 
presence of mycophenoiic acid) were found to express 
high levels of 7^ heavy chain (Figure 2A. lanes 2-5) 
These levels of expression of the exogenous > a genes 
are estimated to be about 20% of that of the endogenous 
7^ gene in MOPC 141 Apparently, this heavy chain can 
form an immunoglobulin molecule with the X Itght chain of 
myeloma J558L, because the light chain was immunopre- 
cipitated from cell extracts with antiheavy chain antisera 
and equimolar amounts of heavy and light chain were 
secreted into the culture medium (Figure 2A, lane 14) 



A Deletion of Part of the Major Intron Abolishes the 
High Level Expression of the Heavy Chain Gene 

Deletion mutants of the parental plasmid were constructed 
to test whether the removal of specific noncodmg DNA 
sequences would affect the expression of the 7^ gene in 
J558L cells Because deletions between the VDJ and C. 
exons of an Abelson murine leukemia virus transformed 
cell line have been correlated with decreased heavy chain 
production (Alt et al . 1982). we constructed mutant plas- 
mids with deletions in this region Two such plasmids! 
pSV-7?c3'RA1 and pSV-7 2b 3 / RA2 contain overlapping 
deletions around the unique Eco Rl site oi the parental 
plasmid pSV-72tjVC (Figure 1) These three plasmids were 
introduced into J558L myeloma cells and the expression 
of the 72c heavy chain gene in stably transformed cells 
was compared 

Cell lines obtained by transfection with plasmid pSV- 
7?t,3'RJM synthesized high levels (no less than half of the 
wild type level) of 7^ heavy chain (Figure 2A. lanes 6-9) 
and secreted immunoglobulin (Figure 2A, lane 15) In 
contrast, four cell lines obtained by transfection with plas- 
mid pSV-7 ?l> 3'RA2 synthesized only low levels (about 5% 
of the wild type level) of heavy chain (Figure 2A. lanes 10- 
13) The same results were obtained when subclones of 



PvuB Odel 
Hinfll iHinfl 



EcoRI 



^1 (ISO bp) y 
&2(470bp) ' / 



x 3 

7 dkb) 




8g/Bm 
(EcoRI) 



Pvuii 



t BglH 
Hind III 



Figure t Partial Restriction Map of PtasmxJ pSV *ra,VC 
A 9 kb B9I U Iragment was inserted into the Bam Hi srte (indicated by Bg/ 
Bm) oi plasmid pSV2gpf The Ecogpf gene (wide siripes) rs flanked by 
SV40 sequences (thm siripes) including the origin (on) of replication and 
mflNA start site (arrow) The ■>*, gene (narrow line) contains VDJ and C>*> 
exons (solid boxes) and a mRNA start site (a/row) aboui 30 bp upstream 
of the VDJ coding sequence (Gdltes and Tonegawa 1 983) The switch 
recombtnaton (S) srte ts also shown The DNA segments deleted ri 
plasmids pSV >»3'R^1 and pSV > 3b 3'RA2 are shown m kyear torm above 
the circular map The sizes ot the deletions, as determined by restriction 
analysis are indicated The exact locations ot these deletions a/e shown tn 
Figure 7 
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Figure 2 Expression of Heavy Chain Protein m Transfected Ceils 
Transfected cell tines were labeled with ^-methionine and cell extracts 
were analyzed as described in Experimental Procedures (mmunoprectpi 
afed proteins were analyzed by SOS pcrfyaoytamide gel electrophoresis 
and fluorography (A) Four translected lines (pods of ndivKJual cio»>es) 
were analyzed for each piasmtd tested Lane 1 control J558L cetis. lanes 
2-5 celts transfected with piasm»d pSV >»VC. lanes 6-9 celts transfected 
with piasmid pSV 7a>3'R.11 lanes 10-13 cells transfecied wrih plasmid 
pSV >2t>3'RA2 Secreled proteins from cells transfected with plasmid pSV 
>2t,VC Pane 14), ptasmtd pSV -rab3'Ri1 (lane 15). and plasmid pSV 
>3b3'RA2 {lane 16) were ntmunopreciprtated and analyzed on the same 
9ei (B) Celt )»nes subcloned from the transfecied cell bnes were tested lor 
•)2t> heavy chain protein synthesis as in (A) The pfasmids used for trans Jec 
lion are tnotcated below the autoradiogram Control (C) cell extract is shown 
*n lane 1 1 The positions of the heavy chain and X light chain (synthe 
sized m J558L celts but not immunoprecipitaied *n the absence of >*> 
heavy chain) a/e indicated 

each poo) were tested lor 7^ heavy chain expression 
(Figure 2B), although more variation was observed in the 
level of expression between individual clones Nonethe- 
less, these results strongly suggest that DNA sequences 
deleted in plasmid pSV-7 2 t,3 / RA2, but stdl present in pSV* 
7^3 'FUt. are essential for the high level expression of 
heavy chain genes in myeloma cells 
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Figure 3 Northern Gel Stating Analysts of Transfected Celt RNA 
Total ceti RNA (10 »*g per lane) was etectrophoresed on a denaturing 
agarose gel transferred to nniocettuiase and hybndized to nick translated 
C>» probe RNA (2 5 mq) from MOPC 141 ce«s (lane 1) and J558L cells 
(tane 2) were also analyzed Two ce« ir>es transfected wtih piasmtd pSV 
-^VC (lanes 3 and 4 1 ptasnxJ pSV ->aJ'R^l {lanes 5 and 6) and plasmid 
pSV > JtT 3'RA2 (lanes 7 and 8) are snown The positions of the secreted 
(1 7 kb) and membrane tom-5 (3 4 Kb) of mRNA a/e indicated 



The Reduced Expression of the Gene ts at the 
Level of RNA 

The steady-state level of 7^ mRNA in transfected cell lines 
was analyzed by Northern gel blotting and hybridization 
with the 07^ pf obe ft should be noted that the 7^ heavy 
chain gene used m these studies does not contain the 
exons coding for the membrane torm ol 7^ (Gillies and 
Tonegawa, 1983) and thus the only species of mRNA 
expected in translected cells is the secreted form (1 7 kb) 
As seen in Figure 3. cell lines transfected with piasmtd 
pSV-^VC (ianes 3 and 4) and plasmid pSV-7<t>3'RJH 
(lanes 5 and 6; contain high levels of the secreted form of 
7?d mRNA The cell lines translected with piasmtd pSV- 
7?t,3'RA2 (Figure 3, lanes 7 and 8) contained much lower 
levels of 72b mRNA ot the correct size, in agreement with 
the decreased level of 7^ heavy chain protein (Figure 2) 
The additional RNA bands seen m lanes 7 and 8 (Figure 
3) also contain 7^ sequences but appear to be read- 
through products of the Ecogpf gene. Data presented 
below support thts explanation, as opposed to the idea 
that the mtron deletion has a deleterious effect on RNA 
splicing and results m tow levels of translatable 7^ mRNA 
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Plasmid Copy Number in Transfected Cell Lines 

DNA from transfected cells was analyzed by Southern gel 
blotting to determine the plasmid copy number and its 
possible effect on the level of 72t>mRNA When a pSV2gpf 
plasmid DNA probe was used fa hybridization, a striking 
difference in plasmid copy number was found (Figure 4) 
Two prominent bands, corresponding to the two large 
Hind II! fragments (6.2 kb and 5.0 kb) common to ail the 
plasmids. are detected with this probe (seen best in Figure 
4, lanes 6 and 7) Clearly, the DNA sequences deleted in 
plasmid pSV2-7a>3'RA2 (those required for the high level 
expression of 7a mRNA) have a dramatic effect on the 
number of copies of plasmid required for transformation 
to the gpt* phenotype When these sequences are pres- 
ent, as they are in plasmids pSV^VC and pSV^^'RAI . 
a low copy number is sufficient for gpt transformation 
(Figure 4, lanes 2-5). In the absence of these sequences, 
the copy number is increased at least 20-fold (Figure 4, 
lanes 6 and 7), presumably to compensate for a compa- 
rable decrease in gpt mRNA transcription. 

Two conclusions can be made from these results: one, 
the DNA sequences required for the high level expression 
of 72t, mRNA also increase the level of expression Irom 
the heterologous SV40 promoter at least 20 times, two, 
the level of RNA transcnbed from the V gene segment 
promoter is decreased about 400 times per gene copy in 
the absence of this DNA sequence This calculation is 
based on the observed decrease by a factor of 20 in 
gene expression as a result of the 3'RA2 deletion, and 
the fact that this decreased level is likely the result of the 
transcription of at least 20 times as many gene copies 

DNA Sequences Located in the 72b Gene Intron 
Enhance Expression in an Orientation-independent 
and a Position-independent Manner 

The DNA sequences defined as viral enhancer elements 
have been shown to stimulate the transcnption of homol- 
ogous or heterologous promoters either upstream or down- 
stream, and in either orientation with respect to the direc- 
tion of transcription (Moreau et al 1981. Wasylyk et al, 
1983). In order to test whether the sequences located in 
the major intron of the 7 a gene (and all other heavy chain 
genes) behave similarly, we constructed a plasmid with 
most of the intron sequences deleted. We then inserted a 
1 kb Xba I fragment (X 2/3 ) containing those intron se- 
quences with potential enhancer activity into either of two 
sites in either of the two orientations The first corresponds 
to the original position of this fragment in the parental 
plasmid (as part of the VDJ-C7;* intron) and the second is 
approximately 1 4 kb upstream (on the 5' side of the V 
gene segment) Four plasmids were obtained which con- 
tained the X 2/3 fragment in the normal or reversed orienta- 
tion, either upstream or downstream of the mRNA start 
site (see Figure 5A) 

Cell lines obtained by transfection with the plasmids just 
described were analyzed for the expression of 72b heavy 
chain As seen in Figure 5B. cells transfected with plasmid 
pSV-7 2D AX 2 ;4 (with most of the intron deleted) did not 
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Figure 4 Southern Gel Blotting Analysis ol Plasmid DNA Sequences n 
Transfected Cell Lines 

High molecular weigh! OiA (10 M g per lane) from J558L cells (lane 1), or 
cell hoes transfected with ptasmid pSV *>»VC (lanes 2 and 3), piasmtd pSV 
>atr3'R^1 (lanes 4 and 5) or plasmid pSV y*3'R±2 (lanes 6 and 7) was 
digested with Hind fll. e*ectrophoresed on a 0 8% agarose gei. transferred 
lo niiroceHutose and hyondtzed to nick translated pSV2gpf DNA The 
positions of the two Hind ■ fragments {6 2 kb and 5 0 kb) common to aN 
the transfected piasmid DMAs (both of which hybndize to the pSV2gpf 
probe), are indicated 

synthesize significant levels of 72c protein (lanes 3 and 4) 
The insertion of the X 2/3 fragment into the intron site (the 
normal position of this fragment) restored the expression 
of 72^ protein in both the normal (Figure 5B, lanes 5 and 
6) or reversed (Figure 5B. lanes 7 and 8) orientations 
Similarly, insertion of the same fragment upstream of the 
V gene segment (on the 5' side of the transcriptional 
promoter) in either the normal (Figure 5B, lanes 9 and 10) 
or the reversed (Figure 5B, lanes 11 and 12) orientation 
also restored the expression of yx> protein to normal levels. 

These results clearly demonstrate that the intron se- 
quences deleted in the 3'RA2 mutant plasmid have a 
direct effect on transcription in a manner that is analogous 
to the viral enhancers They also show that the enhancer 
function does not require the expression of these se- 
quences in the 7 2t> gene primary transcript, because move- 
ment of the X 2/3 fragment outside of the transcription unit 
(i.e , the Xba li site) had no effect on its ability to function. 

Tissue Specificity of the Immunoglobulin Enhancer 
Element 

The rearranged y^ gene used in these studies is also 
accurately transcribed in mouse fibroblasts (Ltk~ cells) 
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Ftgure 5 Enhancement of 7a>Gene Expression by a 1 kb Intron Fragment 

fijftestrtcton maD of p(asrnid pSV >»AX 2M Th/s ptasmtd was constructed from piasmtd pSV -^VC (shown m Fgue 1 ) by remowig Two Xba I fragments 
troiti the >2b9ene tntron (from the X ? to the X* sites tn Figure 1) Derivatives ot piasmid pSV-r^X^.. labeled A through 0 con tan nserts of the 1 kb X** 
Cement m the sites indicated and the orientation (retatrve to transcription) is shown with an arrow (B) Expression ot 7* heavy cham n cefls transtected wrth 
Sfeipiasmids shown in (A) Analysis was earned out as described m Figure 2 Cefl fines tested were J558L (lane 1 ) and those transtected wrth piasmtd pSV 
SipJC (lane 2). p/asm»d-pSV2->a^X A>4 (lanes 3 and 4). piasmid pSV^a>AXi*A (lanes 5 and 6). plasm* pSv^js^XaoB (lanes 7 and 8). piasmtd pSV-^ 
jg^C (fanes 9 and 10), and piasmid pSV^^AX^D (lanes 1 1 and 12) 



: co*ransfected with the herpes virus tk gene and piasmid 
ppL-r^VC (Gillies and Tonegawa, 1983) The level of 
gene expression in these ceils was found to be proportional 
to the number of transfected genes, but is at least two 
"eiders of magnitude less per gene copy than in myeloma 
"Sells Thus it is likely that the enhancer element, described 
lafeove. does not function in nonlymphoid cells 

3 In order to compare the levels of 721, gene expresston in 
_ fibroblasts, with and without the immunoglobulin enhancer, 
Ige first made a deletion mutant, ppL72t,^X 2/3 , lacking 
""tfiese sequences (Figure 6A) We then modified the pfas- 
mids so that a high copy number of genes would be 
integrated into the transtected L cells and increase the 
expression of the 7^ gene to an easily detectable level 
This was done by inserting a truncated tk gene (a 2.3 kb 
Eco Rl fragment containing only limited 5' upstream se- 
quences) into both the wild type and mutant plasmids, 
Transformation to the tk* phenotype with this fragment 
requires the transfer of multiple piasmid copies into celts, 
thus another gene on the same piasmtd would also be 
present at a high copy number in tk* transtormants (our 
unpublished results). 

Plasmids ppL-^-TK and ppL7? b AX2 /3 -TK were intro- 
duced into mouse Ltk" cells and the tk* transformants 
(approximately 50 individual clones) were pooled, grown 
m mass culture, and tested for the presence of DNA 
sequences As seen in Figure 6B. each transfected cell 
line contained comparable numbers of tandem, head-to- 
tail oligomers of either piasmid. Control experiments (not 
shown) indicate that individually cloned cell lines also 
contain the same number (about 15 copies per cell) of 
transfected piasmid DNA Apparently the copy number is 
determined by the level of expression ol the tk gene which, 



in this case, has been reduced considerably by the deletion 
of the upstream sequences To compensate tor the low 
level of expression, multiple copies of the tk gene are 
required for tk transformation This, then, is analogous to 
the results with pSV2gpf vectors described above 

We compared the expression ot the normal and mutant 
ttb heavy chain genes m these cell lines by Northern gel 
blotting analysis of total cell RNA As seen in Figure 6C. 
the steady-state level of 7^ mRNA is not affected by the 
deletion of the immunoglobulin enhancer We concluded 
that the low level expression of the heavy chain gene in L 
cells is a result of the fact that this enhancer element is 
functional only m lymphoid cells 

Additional experiments have been earned out to test the 
tissue specificity of the immunoglobulin enhancer We 
constructed a derivative (pSER) of piasmid p$V2gpf lack- 
ing most of the SV40 72 bp repeat sequence (see Exper- 
imental Procedures) When this piasmid is used to transfect 
either mouse L cells or J558L myeloma cells, the transfor- 
mation frequency (relative to that of piasmid pSV2gp/) is 
lowered by more than a factor of 20 (from 2 x 10~ 3 to 
10~ 4 in L cefls and from 3 x 10"* to 10~* in J558L myeloma 
cells— Table 1) When the 1 kb X 2/3 fragment containing 
the immunoglobulin enhancer is inserted into the Eco Rl 
site of piasmid pSER, the transformation frequency is 
restored to the level of piasmid pSV2gpf, but only in 
myeloma cells There is no effect on the transformation 
frequency of piasmid pSER in L cells (Table 1) Thus the 
enhancing effect on the heterologous SV40 promoter 
(which controls the Ecogpf gene) is also tissue-specific 

Using this same transformation assay we tested smaller 
restriction fragments for enhancer activity A 140 bp Pvu 
H-Dde 1 fragment (see Figure 1), containing some of the 
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Figure 6 Expression ol > a mRNA m Mouse L Cefls Transtected with Plasmas ppt_> a tk and pp^x^^-rA 

(A) Restriction map of the piasmids used tor transection Ptasm<j PpL-y^ tk was constructed by inserting a 2 3 W> fragment of the herpes vrus tk gene no 
the unique Sal I site of ptasmtd ppi.> a VC (Gates and Tonegawa 1983) The direct on of transcription ol the tk gene (arrow) is opposite thai of the -^gene 
The sequences deleted in piasm.d ppL->a>AX ?/3 tk are indicated (B) Southern g& Otonmg analysis of DNA from L tk' cells (lane 1 ), and cefls translected wrni 
pasmid ppL-r* tk (lane 2) or piasmid ppLy^X 2n tk {lane 3) DNA was digested with hfcna M and hytxidtfed to nek translated DNA (the 9 kb Bg! I 
fragment used lor plasm*) construction) (C) Northern get btottmg analysis of total ceil RNA from MOPC 141 myxoma ceils (lane 1). and ceils translated with 
piasmid PPL 7^ tk {lane 2). or piasm.d ppL-r^AX^ tk (lane 3) Nbck translated 0>» prcoe (Gdtes and Tonegawa 1983) was used tor hyondtzatton 



sequences deleted in piasmid pSV-> 2l >3'RA2. was found 
to increase the transformation frequency of piasmid pSER 
by 20-fold in J558L cells but not in mouse L cells (Table 
1 ) Thus we have locaJized the immunoglobulin enhancer 
sequence to this portion of the X 2/3 fragment 

DNA Sequences in the Heavy Chain Gene Intron 
Resemble Viral Enhancers 

Wether et al (1983) have suggested that the sequence 5' 

AAA , A 
GTGG j-ppG3' (where j means either A or T appears at 

that position) represents a crucial core element common 
to all of the known viral enhancers Sequence anaJysis of 
the X 2/3 fragment (the 1 kb fragment shown to have en 
hancer activity— Figure 5) shows that such a sequence is 
located in the region that is deleted in piasmid pSV- 
7;*3'RA2 (but not in the 3'RA1 mutant) and is present in 
the 140 bp Pvu ll-Dde I fragment In fact, the sequence 
5'GTGGTTT(T)GAA-3' is present as a closely spaced 
repeat (Figure 7), oriented in the direction of transcription 
The first eight nucleotides of this sequence are also found 
upstream of the tandem repeat, but oriented in the oppo- 
site direction 

Figure 8 shows a comparison of several viral sequences 
shown to have enhancer activity and the repeat sequences 



Tade 1 Transformation Freauency of pSV2gp/ and Derivative Piasmids 
*r. J558L Mveioma Cells and L Cells 





Ce* Type 




Piasmid 


JS58L 


L Ceil 


pSV2gpf 


3 x 10"' 


2 x 10° 


pSER 


8 x 1CT 6 


1 x 10" 4 


pSER X M 


4 x 1Q- 4 


1 x 10"* 


pSER X 2 ^\AQ\ 


2 x tO" 4 


9 x 10 _S 



Ceils were transacted by protoplast fusion and plated at 10* cells per wen 
and 2 x 1C° cells per well (J558L) or at 10" and 10 5 cells per 100 mm dish 
(L ceils) Se*ective medium coniaming mycophenolic acid (6 M9/ml for 
JSS8l or 25 /ig/ml for L ce*s) was added at 4fl hr and colonies were 
counted at 10 days (J558U v at 14 days (L cells) Derivatives of plasmtd 
pSER were constructed by nsenrng (blunt end ligahng) either the 1 Kb 
fragment Of a 140 bp Pvu l-Dde I (X ?/3 (140)] fragment (see Figure 1) 
nto the Eco Rl sue 



in the >?t gene intron Sequences contained in the Moloney 
sarcoma virus (MSV) 73 bp repeat sequence appear to be 
most similar to the immunoglobulin sequence, especially 
on the 5' side of the first "core" repeat The "core" se 
quence of polyoma virus was most similar to the second 
'core" repeat, as both contain an additional T residue 
Also shown are two sequences, present in the immu 
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Xba 1 50 100 

TCTAGAG AGG TCTGGTGGAG CCTGCAAAAG TCCAGCTTTC AAAGGAACAC AGAAGTATGT GTATGGAATA TTAGAAGATG TTGCTTTTAC TCTTAAGTTG 

150 200 

GTTCCTAGGA AAAATAGTTA AATACTGTGA CTTTAAAATG TGAGAGGGTT TTCAAGTACT CATTTTTTTA AATGTCCAAA ATTTTTGTCA ATCAATTTGA 

A2 |250 300 

GGTCTTGTTT GTGTAGAACT GACATTACTT AAAGTTTAAC CGAGGAATGG GAGTGAGGCT CTCTCATACC CTATCCAGAA CTGACTTTTA ACAATAATAA 

Hinf I 350 Pvu II 4Qn 

ATTAAGTTTA AAATATTTTT AAATGAATTG AGCAATGTTG AGTT GAGTCA AGATGGCCGA TCAGAACCAG AACACCTGCA GCAGCTGGCA GGAAGCAGGT 

^ 450 4 4 500 

CATGTGGCAA GGCTATTTGG GGAAGGGAAA ATAAAACCAC TAGGTAAACT TGTAGCT GTG GTTTGAAG AA GTGGTTTTGA A ACACTCTGT CCAGCCCCAC 
Dde I cm Hinf I 



550 



600 



CAAACCGAAA GTCCAGGCTG AGCAAAACAC CACCTGGGTA ATTTGCATTT CTAAAATAAG TTGAG GATTC AGCCGAAACT GGAGAGGTCC TCTTTTAACT 
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|650 700 

TATTGAGTTC AACCTTTTAA TTTTAGCTTG AGTAGTTCTA GTTTCCCCAA ACTTAAGTTT ATCGACTTCT AAAATGTATT TAGAATTCAT TTTCAAAATT 

:i — | A2 750 800 

^ggttatgta AGAAATTGAA GGACTTTAGT GTCTTTAATT TCTAATATAT TTAGAAAACT TCTTAAAATT actctattat tcttccctct GATTATTGGT 

j ^ 850 900 

iriTCCATTCAA TTATTTTCCA ATACCCGAAG TCTTTACAGT GACTTTGTTC ATGATCTTTT TTAGTTGTTT GTTTTGCCTT ACTATTAAGA CTTTGACATT 



Dde I 



950 



Xba I 



^TGGTCAAAA CGGCTTCACA AATCTTTTTC AAGACCACTT T CTGAG TATT CATTTTAGGA GAAATATTTT TTTTTTAAAT GAATGCAATT ATCTAGA 
figure 7 Nucleotide Sequence of the 1 kb X w Fragment 

DNA sequencing was canted out according to standard procedures (Wax am and Gilbert. 1980) The sequences deleted « pJasmids pSV ->j*3'FUi and pSV 
"^ ?b 3'RA2 are indicated The underlined sequences are those simitar to the 'core* elements common to most viral enhancers fWeiher et a) 1963) Arrows 
rjdicaie the orientation ot me immunogtobulin "core" elements relative to the ejection of -y^mRNA transcription 



i GTGG IU G 

"I AAT^AAACCft^TAGGTAAACTTGTAGCT GTGGmGM OAA GTGGmTGA AACACTCTGT 

'%0 ^ ^90 

AAACAGGUTCT GTGGTAAG CGGnCCTGCCCCG 
130 A 165 
GAGGGCGTQI£GTTTGAAGAGG 
5180 TC 5203 



GAGGGCGT GTGGTTTTG CAAGAGG 
5180 5203 



GTTAGGGT GT GGAAAG T CCCCAGG 
238 215 



TTGTTTTTCT TGGTAAGA ACTCTCAGTTTCTGTTTT 
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3899 



3958 

AATCAAGAGCTGGAAAGAGAGGGTCAGGTGTCTGTA 



3923 



925 



961 
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Figure 8 A Comparison of Sequences m the 1 kb 
X 3n Fragment with Those ot Viral Enhancer Ele 
menis 

Sequences are aligned at the putative "core" 
(underlined) sequences (Wether et at . 1983) The 
residues which match those n the tmmunoglobutm 
heavy chain sequence are indicated by an aster 
isk These include eithet an A or T residue m 
positions 5-7 of the "core" sequence In some 
cases a residue has been displaced to maxrruze 
the homotogv Numbermgs of the sequences are 
according to Van Beveren et al 1961 (MSV) 
Gntlmeial 1 980 (Polyoma) Buchman el al 1980 
(SV40) Max et a) . 1981 OgC.) Bernard and To 
negawa unpunished data (ig C*0 



noglobulm hghl chain gene mtron. that resemble an enhan- 
cer element The existence of such a sequence near the 
C. gene segment is rendered plausible by its proximity to 
a DNAase I hypersensitive site (Parslow and Granner, 
1982) In addition, studies using transfected genes suggest 



that deletions in this region reduce transcription from the 
V promoter (V O and S M . unpublished data) A similar 
core-like sequence is also present near the constant por- 
tion of the Ai light chain gene, but there is yet no evidence 
showing that this ts part of an enhancer element 
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Discussion 

Evidence for an Enhancer Element in the Intron of 
a Heavy Chain Immunoglobulin Gene 

Sequences contained in the major intron between the 
functionally rearranged VDJ and C exons of a heavy chain 
immunoglobulin gene were shown to be essential for its 
high level expression in transfected myeloma cells Al- 
though the deletion of these sequences decreases the 
level of expression in transfected cells 20 times (Figure 2). 
the actual reduction is probably about 400 times per gene 
copy We have tested whether these sequences are anal- 
ogous to viral enhancer elements In addition to increasing 
the level of transcription from homologous promoters, viral 
enhancers also increase transcription from many heterol- 
ogous, viral or nonviral promoters This enhancing activity 
is independent of the orientation of the enhancer element, 
relative to the direction of transcription, and is independent 
of its position as long as the distance between the enhan- 
cer and promoter is within several kilobases (Banerji et al , 
1981, Moreau et al . 1981, Wasylyk et al.. 1983) 

These properties also apply to the sequences contained 
in the heavy chain immunoglobulin gene Enhancement of 
the heterologous SV40 promoter occurs when the intact 
72t> heavy chain gene is present in plasmid pSV2gpf and 
a low copy number of the recombinant plasmid is sufficient 
for gpt transformation When the y*, gene intron se- 
quences are removed, the plasmid copy number increases 
dramatically to compensate for the decreased expression 
of the gpt gene from the SV40 promoter (Figure 4) 

We also found that DNA fragments from the y^ gene 
intron can substitute for the SV40 enhancer in plasmid 
pSV2gp/ (Table 1 ) This transformation assay is based on 
the ability of the DNA fragments, located more than 2 kb 
away from the SV40 promoter, to enhance the transcription 
of the gpt gene and thereby increase the transformation 



frequency Using this method we have shown that most 
of the enhancing activity can be localized to a 140 bp 
fragment The nucleotide sequence in this region contains 
a repeat sequence which closely resembles the "core" 
nucleotides found in most viral enhancers (Figure 8) 

Finally, we demonstrated that this intron sequence main- 
tains its ability to stimulate transcription of the heavy chain 
gene when it is moved outside of the y^ transcription unit 
(5' of the mRNA start site) and when its orientation is 
reversed (Figure 5) These results show that the immuno- 
globulin intron sequence is an enhancer element and has 
properties in common with those of viral origin, even 
though the tatter are generally located on the 5' side of 
their cognate transcriptional promoters 

The Role of Transcriptional Enhancement in the 
Regulation of Immunoglobulin Gene Expression 

The creation of active immunoglobulin genes through so- 
matic recombination has been studied in detail (reviewed 
by Tonegawa. 1983), but the mechanism by which this 
activation is brought about has been a major problem of 
molecular immunology The observation that the C. and C„ 
gene segments are transcriptionally active in lymphoid 
cells, prior to V-J or V-D-J pining (Kemp et al.. 1980, 
Van Ness et aJ , 1982), provided the first evidence that 
sequences downstream of the V gene segment promoter 
might affect the transcription of the functionally rearranged 
gene 

The mechanism of this activation can now be explained, 
at least for the heavy chain gene, by our identification of 
an enhancer element between the Jh and Cy^ gene seg- 
ments of a functionally rearranged gene This site corre- 
sponds to the Jh-C, region of germ-line DNA (see Figure 
9) Following VDJ-iomtng, which occurs belore B cells 
encounter antigens, this enhancer (which would now be 
part of the major intron of the functionally rearranged v 
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Figure 9 Schematic Diagram Showing Arrangements ol Various Ig Heavy Cham Gene Segments and the Pos/ion of the Enhancer 

Top, middle and bottom arrangements correspond to germane DNA. ? chain posrtrve preswrtcn B cell DNA. and y Cham posrtrve, postswrtch plasma cefl 
DNA, respectively The enhancer element (O) ts located between the X segments and C. segments n the germ-fcne DNA and becomes part of the major 
intron in the active u chain gene upon V-D-J foming The same enhancer element is retaned n the major ntron of the actrve *> Cham gene which is created 
by a switch recombination from the p gene S*i and S> refer to the regions m which switch recompinatjons occur The wavy lines and the large Mted carctes 
(•) represeni the primary transcripts and the promoters respectively The small Idled crdes (•) represent the 5' caps ol the RNA molecules 
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chain gene) activates the promoter of the rearranged V 
gene segment. In this way only a single V gene segment 
{out of several hundred) would be transcriptionally active, 
and only after functional rearrangement had occurred 

Subsequent to the encounter with antigens and stmu- 
latton by T celJs, a second type of rearrangement (switch 
recombination) occurs in heavy chain genes and results in 
the replacement of the C„ coding sequence (Figure 9) with 
those of the other heavy chain classes and subclasses 
(Maki et al.. 1980: Kataoka et al.. 1980. Sakano et ai.. 
1980; Davis et al , 1980) In order to function after ciass 
switching, the immunoglobulin enhancer would have to be 
located upstream of the switch region, otherwise it would 
be deleted along with the C„ coding sequence This ts in 
fact the case since its location ib more than 1 kb upstream 
of any known switch sites within the $„ region. Thus as we 
have shown tor the MOPC 141 gene, it is likely that 
the same enhancer is used for the expression of a/I heavy 
chain classes following switch recombination, although it 
is possible that additional regulatory elements may be 
associated with the individual C region gene segments. 

Evidence for Other Cellular Enhancer Elements 

The data presented in this report represents the first clear 
demonstration of an enhancer element being associated 
with a defined cellular gene The possibility that enhancers 
are present in cellular DNA has already been suggested 
by others For example, Conrad and Botchan (1982) iso* 
lated human DNA sequences which hybridized to the 
region of SV40 DNA spanning the origin of replication One 
of these sequences was found to enhance the efficiency 
of tk transformation in an onentation-mdependent manner 
and thus resembles the viral enhancer elements Further- 
more, this DNA sequence cross-hybridized with many 
sequences in human DNA, suggesting that a family of 
such elements exists 

Rosenthal and Khoury (personal communication) have 
likewise isolated a human DNA sequence by virtue of its 
cross-hybridization with a portion of BK virus DNA. In this 
case, however, the sequence appears to be unique in the 
human genome even though it contains repeating 21 bp 
elements. These repeat elements show some homology 
to the BK virus enhancer region but appear to be about 8 
times less active when tested for enhancing activity in the 
CAT assay of Gorman et al (1982). 

Thus it is likely that enhancer elements might serve as 
a general mechanism for gene regulation in eucaryotes 
The association of such elements with specific genes ts 
currently being studied in several systems. In addition to 
our demonstration ol an enhancer element in the heavy 
chain immunoglobulin gene, two of us (V. 0 and S M ) 
have found that sequences near the C. gene segment are 
essential for the high level expression of * chains in 
transfected myeloma cells In this case, however the 
functional similarity of this sequence element to the viral 
enhancers is less clear 

The use of enhancer elements as regulators of gene 



expression may not be confined to higher eucaryotic 
systems There is evidence (L Guarente. personal com- 
munication) that the yeast iso-1 -cytochrome c gene is 
activated by heme and that sequences upstream of the 
gene are essential for this effect. Furthermore, the inversion 
of this activator sequence did not affect the mducibility of 
expression This strongly suggests that this region is not 
simply a component of the transcriptional promoter. 

Tissue-specific Enhancer Elements and Their 
Possible Role in Cell Differentiation 

The most interesting property of the immunoglobulin en 
hancer is its tissue specificity. The MSV and SV40 viral 
enhancers have been shown to have a certain degree of 
host cell specificity (Laimms et al. 1982) This effect m?»v 
also be explained in terms of tissue specificity because 
the two cell types used for the comparison were derived 
from different tissues The immunoglobulin enhancer, on 
the other hand, functions at a high level m a lymphoid 
(myeloma) cell type but not at all in another celt type 
(fibroblast) of the same species. It is likely that this speci- 
ficity ts the result of a factor (or factors), present only in 
lymphoid cells, which regulates immunoglobulin expres- 
sion dunng B cell ontogeny 

At earfy stages of B cell development, ^ heavy chains 
are expressed at a low level (Levitt and Cooper, 1980) 
After the B cell encounters antigen and interacts with 
regulatory T cells, terminally differentiated plasma cells 
appear and produce very high levels of immunoglobulin 
(Schibler et al. 1978) The quantitative differences in the 
level of immunoglobulin gene expression at different 
stages of B cell development suggest that the enhancer 
function may be stage-specilic It is also possible that 
multiple regulatory elements are contained within this en- 
hancer region and that increased levels of expression result 
from the combined effect of individual enhancers 

Another possible example of a tissue-specific enhancer 
element has been described in the polyoma virus system 
(Katinka et aL. 1980, Fujtmura et al . 1981, Fujimura and 
Lmney, 1982) It was shown that polyoma mutants that 
acquire the ability to replicate in the otherwise refractory 
F9 embryonal carcinoma cells contain point mutations and, 
in some cases, tandem duplications near the region of 
polyoma DNA which was shown (de Villiers et al , 1981) 
to have enhancer activity This result suggests that certain 
DNA sequences are recognized as an enhancer in cells 
permissive for polyoma virus but that sequences located 
at an adjacent site are recognized (after being mutated) in 
embryonal cells. Thus it appears that polyoma, like immu- 
noglobulin genes, may contain multiple regulatory ele- 
ments within their enhancer regions 

The mechanism of tissue-specific enhancer is not known 
and tnts simply reflects our present ignorance of the 
mechanism of enhancers in general. Clearly though, the 
sequence differences and similarities between the various 
enhancers strongly suggest that specific regulatory pro- 
teins recognize these sites In fact, the glucocorticoid 
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receptor protein, which binds to the promoter region of 
mouse mammary tumor virus (MMTV), may be an example 
of an enhancer binding protein (K Yamamoto. personal 
communication) A sequence upstream of the MMTV pro- 
moter, essentia! forhormone responsiveness, was shown 
to enhance the herpes tk gene in an orientation-independ- 
ent manner and to bind the hormone receptor 

It is tempting to speculate that the presence or absence 
of such enhancer binding proteins determines whether or 
not an enhancer functions in a given cell type Furthermore, 
a particular enhancer binding protein might recognize 
many different but related sequences to a greater or lesser 
extent (or bind with different affinities) In this way it would 
be possible to activate many individual genes and to 
express them at different levels Alternatively, the level of 
expression of a gene that is controlled by an enhancer 
may be determined by the distance between this element 
and the promoter site. It seems likely that some or ail of 
these mechanisms of gene regulation function during the 
process of cellular differentiation In this way the expression 
of multiple genes could be controlled (coordinated ex- 
pressed) by a relatively small number of regulatory pro- 
teins 

Enhancers as Activators of Cellular Oncogenes 

One striking case for the role of enhancers in tumongenesis 
was provided by studies of avian leukosis virus (ALV) 
induced chicken B cell lymphomas In such lymphomas, 
ALV DNA was found to be integrated adjacent to the c- 
myc gene (Payne et al , 1981). the cellular counterpart of 
the transforming sequences from the MC29 group of 
defective retroviruses (Sheiness and Bishop, 1979) Al- 
though it was first thought that c-myc was activated by a 
promoter-insertion mechanism (Hayward et a! , 1981), it 
was later shown that ALV insertions could occur in the 
opposite orientation or downstream of the c-myc gene 
(Payne et al , 1982). Thus the ALV enhancer element was 
responsible for the increased level of c-myc expression 
and, presumably, for oncogenic transformation 

The role of cellular enhancer elements in the activation 
of oncogenes has also been suggested by recent findings 
(reviewed by Klein. 1 983) Many murine and human tumors 
of lymphoid origin have been shown to contain chromo- 
somal translocations in which an oncogene (c-myc) has 
been rearranged to an immunoglobulin C region gene 
segment The majority of rearrangements in human Burkitt 
lymphomas were lound to occur at the C region while 
those in mouse plasmacytomas occur at the C„ region 
While the results we have described could account for the 
activation of c-myc in some human C„ rearrangements (by 
analogy to the murine C„ enhancer), the results in the 
murine system are somewhat unclear It has not been ruled 
out. however, that the murine C„ gene segment contains 
an additional enhancer element 

We are currently investigating the activation of c-myc 
by sequences contained near the c-myc-C ¥ junction in 
human DNA It will be interesting to compare the se- 



quences m this region with those that we showed to 
contain enhancer activity Sequences that have been con 
served through evolution may also help to identify the 
critical components of this regulatory element 

Experimental Procedure* 

Oil Cufturt and Trsnstecbon 

The mye+oma cell bne J558L ts a heavy chain loss vanani ol J558 ana 
synthesizes X fcght chans (O el a! , 1963) Cells were grown m Dufbecco s 
modified Eagle s meoum (MEM) contammg 10% fetal caJi serum JS58L 
cells were translected b> a modification of tne protoplast tus*on technique 
(Sandn Goidm et aJ 1961 ) Approxmatety 2x10* cells (grown to a density 
ol 4 to 6 x 10* ceils/mi ) were washed once with serum free MEM collected 
by centntugaton (5 mn at 500 g) and suspended by gentle opening m 
the protoplast suspensco (approxmatety 2 x10 s protoplasts m 4 ml) The 
cell -protoplast suspension was transferred to a 60 mm dish and centnfugec 
at 1500 g for 7 mm After gentte aspvaton of the supernatant 1 5 ml of 
50% PEG 1500 (in serum free MEM and prewarmed to 37°C) was added 
and the dish was spun at 500 g unM 90 sec had elapsed from me time ol 
PEG addition Cefls were resuspended by gentty pipetting in two 5 mi 
washes of prewarmed serum-tree MEM when were added to 15 ml of 
MEM m a 50 ml centrifuge lube FoBowmg centntugaton at 500 g lor 5 
mm. certs were resuspended n growth medium containing kanamycm (100 
MQ/ml) and plated m 96- we* dishes at two densities 1x10* celts per wen 
and 2 x 10* certs per wen After 48 rv setectrve medium (Ch et ai , 1963) 
was added 

Plasmid Construction* 

Plasmid pSV ->a>VC containing the gene from myeloma MOPC 141 
was constructed by inserting a 9 kb Bgl U fragment {Gillies and Tonegawa 
1983) from phage clone M141p2l (Sakano el aJ . 1980) mio the unique 
Bam HI site of piasmid pSV2gpflRi) Thts latter plasmid was constructed 
by mutating the Eco Ri s/ie ot plasmid pSV2gpr (Mulligan and Berg 1980) 
The transcription orientation ol tne i*, gene is opposite that of the gpt 
gene (Figure 1 ) 

Plasmtds pSV>^3'RAi and pSV-^'R.^ were constructed by di 
gesttng Eco Rl-cut pSV -^VC DNA with exonuclease BaJ 31 (1 U/nQ ol 
DMA) at 23°C for 2 or 4 mm and reorcuianzing the products with T4 DNA 
ligase The extent of the deletions were determined by restriction analysis 
and DNA sequencing 

Plasmid pSV > Jb AX a .« was constructed by first digesting ptasmid pSV 
7a>VC DNA wrth Bgl A and then partially digesting with Xba i The 6 5 kb 
partial digestion product extendng trom the unique Bgl « sue to the Xba I 
stte (X ? ) on the 3' s»de of the VDJ exon (clockwise on the map m Figure 1) 
and the 5 1 kb complete digestion product extending from the Bgl B ate 
counterclockwise to the Xba I site (X«) on the 5' side ot the C-**, coding 
region were gel purified and ligated The resulting plasmid. pSV >»AX ?; 4 
was used tor tne experiment shown m Figure 5 Derivatives of thts plasmid 
(A-D) were constructed b> partially digesitng with Xba I treaiing the DNA 
with caJt intestine alkaline phosphatase, purifying linear lull length DNA, and 
ligaltng the products with tne 1 kb Xba I fragment extending from the X ? to 
X 3 sites (X 7/3 fragment m Fgure 1 ) The site of insertion and the onenlalion 
of the X ?/3 fragment were determined by restriction analysis 

Piasmid pSER was constructed by digesting plasmid pSV2gn/ DNA with 
Sph I and Pvu « and removing the 3' protruding oases with T4 DNA 
polymerase (OFarrelt 1981) The two Wunt ends were then ligated to 
produce a selectable ptasmid vector which no longer contains the SV40 
enhancer sequence 

Analysis of Trantfected Ceflt 

Approximately 10 days after trans tec ton ihe cells contained m a single 
well (Irom 5 to 10 independent CJones) were harvested and grown m mass 
culture for analysis of protein synthesis and the steady state level ol tt» 
mRNA (Gillies and Tonegawa. 1963) Four such pools were analysed for 
each piasmid tested as wefl as subclones obtained by limiting dilution 

PTOtem synthesis was measured by labeling 5x10* cells tor 1 hr wrth 
*S methionine f50 *iC*/mi/ and analyzing immunoprectpitated cell extracts 
as described (G^ies and Tonegawa 1983) Secretion ol immunoglobulin 
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was measured by labeling approximately 2x10* celts tor 16 rv n 50 n\ ot 
norma} growth medium containing ^S-methionine (25 mO/ttH) Immunogtob- 
uim was then immunopreoprtated from culture supematants 

Acknowledgments 

We thank Ms Lena Angman lex excellent technical help Anne Ephrussi for 
assistance in ptasmid constructions, and'lhe Eli Lilly Company for supplying 
mycopnenoltc aad We are indebted to Keith Yamamoto. Leonard Guar 
enie Nadta Rosenthal and George Khoury tor communicating their unpub 
kshed results S G was supported by a postdoctoral fellowship from' the 
Damon Runyon -Walter Wmchell Cancer Fund This work was supported in 
parts by grants from the Nattonai Institutes of Health (AJ 17879 and CA 
14051) 

The costs of publication of this article were defrayed m part by the 
payment of page charges ,This article must therefore be hereby marked 
advertisement" m accordance with 18 USC Section 1734 solely to 
moxate this tact 

Received May 2. 1983 
References 

""-=$1 F W Rosenberg, N . Casanova, fl J , Thomas, E . and Baltimore, D 
"55982} Immunoglobulin heavy-chain expression and class switching m a 
Wiunne leukemia cell line Nature 296. 325-331 

pjjanerji. J . Rusconi, S and Schaflner. W (1981) Expression of a ^-gtobm 
=^ene is enhanced by remote SV40 DNA sequences Ceil 27. 299-308 
: jiernard. 0 , Hozumi, N . and Tonegawa. S (1978) Sequences of mouse 
Immunoglobulin Itght chain genes before and after somatc changes Cell 
1133-1144 

"H^ack C Hirama M Lenhard Schuller R , and Tonegawa S (1978) A 
-^complete immunoglobulin gene is created by somatc recombination Cell 

1-14 

^Buchman. A R Burnett, L and Berg P (1980) The SV40 nucleotide 
sequence In DNA Tumor Viruses J Tooze. ed (Co*d Spnng Harbor. New 

"rfork Cold Spring Harbor Laboratory), pp 799-829 

?£(arke C Berenson J , Goverman J . Crews, S . S*u, G Boyer P and 

-.Caiame. K (1982) An immunoglobulin promoter region is unaltered by 
DNA rearrangement and somatic mutation during B cell devetopmenl Nuci 

= Ads Res 10. 7731-7749 
Conrad S E.andBotchan M R (1982) Isolation and characterization of 

"Kuman DNA fragments with nucleotide sequence homologies with the 
simian virus 40 regulatory region Mol Cell Biol 2. 949-965 
Davis M , Calame K Early P . Lrvant D . Joho. R . Weisman, I . and 
Hood L (1980) An immunoglobulin heavy chain gene is formed by at least 
Two recombinat tonal events Nature 283 733-738 
ie Viii»ers J, Olson, L, Banerji, J, and Schaflner, W (1981) A small 
segment ol polyoma virus DNA enhances the expression of a cloned d 
giobin gene over a distance ol 1400 base pairs Nuci Acids Res 9, 6251- 
6264 

Early p Huang H. Davis M. Calame K, and Hood L (1980) An 

immunoglobulin heavy chain variable regon gene is generated from three 

segments of DNA V M , D and X Cetl 19 981-992 

Fujimira F K, Deminger. P L. Friedmann. T, and Lmney E {1981} 

Mutation near the polyoma DNA replication origin permits produclive mtec 

ton ol F9 embryonal carcinoma cells Ce* 23, 809-814 

Fu|imura. F K . and Unney. E (1982) Polyoma mutants that productively 

mtect F9 embryonal carcinoma cells do noi rescue wild type polyoma in F9 

cetis ProcNat Acad Sci USA 79. 1479-1483 

Grfiies, S and Tonegawa. S (1983) Expression of cloned immunoglobulin 
genes Produced into mouse L celts Nuci Acids Res . m press 
Gorman, C, Moffat, B and Howard B (1982) Recombinant genomes 
wheh express chloramphenicol acetyltraosl erase in mammalian celts Mol 
Ceil&oJ 2. 1044-1051 

GriMm B E . Soeda, E . Barrel! B G and Staden R (1980) Sequence 
and analysis of polyoma virus DNA m DNA Tumor Viruses J Tooze ed 



(Cold Spring Hartor New York Cold Spnng Harbor Laboratory), pp 83 1 - 
896 

Hayward W S Neel, B G andAstrm S M (1981) Actuation of a cellular 
one gene by promoter insertion n ALV induced rymphoid leukosis Nature 
290. 475-480 

Kataoka T Kawakamt T Takahasfn N and HonfO T (1980) Rearrange 

ment ol rnmunog*oOuiin ■> ,-cftam gene and mechanism for heavy chain 

class switch Proc Nat Acad So USA 77. 919-923 

Katmka M Yarnv M Vasseur M , and Biangy D (1980) Expression ol 

polyoma early functions m mouse embryonal ca/cmoma cells depends on 

sequence rearrangements m the beginning of the late regon Cell 20, 393- 

399 

Kemp, D , Hams. A , Cory S and Adams J (1980) Expression ol the 
mnmunogtobulin C gene m mouse T and B lymphoid and myekxi cell bnes 
Proc Nat Acad Sci USA 77. 2876-2880 

Kim S. Davis, M, &nn E Patten P and Hood L (1981) Antoody 
diversity somatc hypermutation of rearranged V H genes Cell 27 573- 
581 

Klein. G (1983) Specific chromosomal translocations and the genesis ol 

B cell-denved tumors in mice and men Ceil 32 311-315 

Laimms L A . Khoury G Gorman C , Howard B and Gruss P (1982) 

Host specilic activation of transcnplion by tandem repeats from simian 

virus 40 and Mooney munne sarcoma virus Proc Nat Acad So USA 79. 

6453-6457 

Levtnson. B, Khoury, G. Van de Woude P. and Gnjss P (1982) 
Activation of SV40 genome by 72-base par tandem repeats of Moloney 
sarcoma virus Nature 295, 568-572 

Levitt, D . and Cooper. M D (1980) Mouse preB cells synthesize and 
secrete n heavy chains but not light chains Cell 19. 617-625 
Maki R , Traunecker. A . Sakano H , Roeder W and Tonegawa. S (1980) 
Exon shuttling generates an mmunogiobuiin heavy chain gene Ptoc Nat 
Acad Set USA 77 2138-2142 

Mather. E , and Perry R (1981) Transcnptonal regulation ol immunogtob 
uim v genes Nuci Acids Res 9, 6855-6867 

Max E E . Sexlman J G and Leder P (1979) Sequences of five 
potential recombination sues encoded close to an immunoglobulin . con 
stant region gene Proc Nat Acad Sci USA 76, 3450-3454 
Max E E Miazel J V and Leder. P (1981) The nucleotide sequence ol 
a 5 5 kriobase DNA segment containing the mouse « immunoglobulin J and 
C region genes J &oi Chem 256. 5116-5120 

Maxam A M and Gilbert W (1980) Sequencing end labeled DNA win 
base specific chemical cleavages Meth Enzymol 65 499-560 
Moreau P Hen R Wasyiyk B , Everett R Gaub M P and Chambon 
P (1981) The 72 base pair repeat has a striking eflect on gene expression 
both in SV4Q and other chimeric recombinants Nuci Acids Res 9. 6047- 
6068 

Mulligan P C ano Berg P (1980) Expression ol a bacteria! gene m 
mammalian cens Science 209 \*22-\421 

0 Farrei' P (198H Repiacemeni synthesis memod ol labeling DNA trag 
ments Betnesaa Researcr Labs Focus 3(3) i 

01 V Morrison S L Her/enoerg L A and Berg P (1983) immuno 
globulin gene expression m transformed lymphoid cells Proc Nai Acad 
Sc. USA 80 825-829 

Parsiow T G and Granner D K {1982) Chromatin changes accompany 
immunoglobulin » gene activahon a potential control region within the gene 
Naiure 299 449-451 

Payne G S Courtneidge S A Cnltenden L B Fadly A M Bishop J 
M and Varmus H E (1981) Analysis ol avian leukosis virus DNA and 
RNA m bursal tumors viral gene expression is noi required lor matnrenance 
of ine tumor state Ceil 23 31 1-322 

Payne G S B.snop J M and Varmus H E (1982) Multiple arrangements 
ol viral DNA and an activated hosl oncogene in bursal lymphomas Nature 
295 209 215 

R»ce D and Baltimore D M983) Regulated expression ol an immuno 
giobuhn * gene introduced mto a mouse lymphoid cell line Proc Nat Acad 



Cell 
728 



So USA 79 7862-7865 1 

Sakano H Huppi K Hernnch G . and Tonegawa S (1979) Seauences 
at the somatic recompinanon sites of immunogloounn ngnt chain genes 
Nature 280 288-294 

Sakano H. Maki R Kurosawa V Boeder W and Tonegawa S (i960) 
Two ivpes of somatic recomomation are necessar, for the generation of 
complete immunoglobulin heavy cnam genes Nature 286, 676-683 
SandnGotdm R M Gofcjtn A L Levrne M and Gionoso J C (1981) 
High frequency transfer of cloned herpes simplex virus type 1 sequences 
to mammalian celts Dy protoplast fuston MoJ Cell BfOi 1 . 743-752 
Schipler U Marcu, K B" and Perry, R P (1978) The synthesis ana 
processing ot the messenger RNAs specifying heavy and itght cnan 
immunoglobulin m MPC 11 ce<ls Cell 75. 1495-1509 
Shemess, D and Bishop J M (1979) DNA and RNA from uninfected 
vertebrate ceils contain nucleotide seauences related to the putative trans 
forming gene of avian mvelocvtomatosis virus J Virol 37, 514-521 
Seising E ana Storb U (1981) Mapping of immunogloounn variable 
region genes relationship to the "deletion model of immunoglobulin gene 
rearrangement Nucl Acids Res 9 5725-5735 

Tonegawa. S (1983) Somatic generation ot antibody drvecsrty Nature 302, 
575-581 

Van Beveren C . van Straaten, F , GaJieshaw. J A . and Verma, I M 
(1981) Nucleotide sequence of the genome of a murine sarcoma virus 
Cell 27, 97-108 

Van Ness B J , Weigert. M , Cotectough, C Mather. E L Keitey D E 
and Perry R P (1981) Transcription of the unrearranged mouse C. locus 
sequence of the initiation regon and comparison of activity with a rear 
ranged V.-C.gene Cell 27. 593-602 

Wasyivk B Wasylyk C Auger -au P and Chamoon P (1983) The 
SV40 72 bp repeat preferentially potentiates transcription starting from 
proximal natural or substitute promoter elements Cell 32 503-514 
Weigen M and Ribiet R (1976) Genetic control of antibody variable 
regions Co)d Spring Harbor Symp Quanl Bioi 41 837-846 
Weiher H Konig M and Gruss P (1983) Multiple point mutations 
affecting the simian virus 40 enhancer Science 219 626-631 / 




____ -r 

.SDCPAF 

iredwwMriiOtn ^ ^ 

Address COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. D.C. 20231 



I SERIAL NUMBER I FILING DATE 



FIRST NAMED APPLICANT 



ATTORNEY DOCKET NO 



07/771 ,410 



10/02/91 MHRF;!^ 



h' 1 * - r if -f-wt i 



VICKI S. VEENKER 

C/O FISH It NEAVE 

875 THIRD AVENUE 

ICW YORK, NY 10022 SSnSv 
^ H0TED 



HAY ITtWS 



NISBET. f 



ART UNIT ; PAPER NUMBER 



"DATE MAILED! 606 



- - .Actor it « communication from tfw EXAMINER in ohargo of this MppJhatkm 
Sd'vf - COMMtSSJONER OF PATENTS AND TRADEMARKS ~ 



05/12/93 



X 



ADVISORY ACTION 



THE PERIOD FOR RESPONSE: 



is extended to run 



i Lunuiium lu iurr: 



rfrom the date of the final reject on 



b) □ expres three months from the date of the final rejection or as of the mailing date of this Advisory Acbon. whichever is later in no 
event however, will the statutory penod for the response expire later than six months from the date of the final rejection 

Any extension of time must be obtained by filing a petition under 37 CFR 1 136(a). the proposed response and the appropriate fee 
The date on which the response, the petition , and the fee have been filed is the date of the response and also the date for the 
purposes of determining the penod of extension and the corresponding amount of the tee Any extension fee pursuant to 37 CFR 
1.17 win be calculated from the date of the originally set shortened statutory penod for response or as set forth in b) above 



^ Appellant's Brief is due tn accordance with 37 CFR 1 .192(a). 
Applicant's response to the final rejection, filed 



. has been considered with the following effect, but it is not deemed 



to place the application m condition tor allowance 1 

1 The proposed amendments to the daim and /or specification will not be entered and the final rejection stands because 

a □ There is no convincing showing under 37 CFR 1 1 16(b) why the proposed amendment is necessary and was not earlier 
presented 

b. QThey raise new issues that would require further consideration and/or search (See Note) 
t. □ They raise the issue of new matter. (See Note) 

d [^3 They are not deemed to place the application <n better form for appeal by matenally reducing or simplifying the issues for 
appeal 

e.'LZI They present additional claims without cancelling a corresponding number of "finally rejected claims 



NOTE 



2. Q Newly proposed or amended claims would be allowed if submitted in a separately filed amendment cancelling 

the norvallowabie claims. 

3. \T7] Upon the filing an appeal, the proposed amendment "fi^ will be entered O will not be entered and the status of the claims will 

be as follows: 

Claims allowed 



Claims objected to. ^ _ - 

Claims rejected — ^ "( 



However, 

□ Applicants response has overcome the following rejection(s) 




1 - / / 

5 The affidavit or exhibit wilt not be considered because applicant has not shown good and sufficent reasons why it was not earlier 

Q The proposed drawing correction Q has G has not been approved by the examiner. \^pl/Z^^Vv^C^^4f^ 

o>tU AUpw* ^-mJfaJ, jc^cctueJ GROUP 180£ 





UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, D.C. 20231 


SERIAL NUMBER [ TILING DATE 


TIRST NAMED APPLICANT | ATTORNEY DOCKET NO ! 


( 

J 

— — — . i 



EXAMINER 



ART UNIT 



DATE MAILED: 

EXAMINER INTERVIEW SUMMARY RECORD 

All participants (applicant, applicant's representative, PTO personnel): 



\u participants (applicant, applicant s re) 



( 

(2) 



Date of interview 



(3). 
<4) 



Tv ^ Telephonic □ Personal (copy is given to □ applicant □ applicant's representative). 



Exhf^t shown or demonstration conducted: □ Yes \j(f No. If yes, brief description: 



PAPEB NUMBER 




I 



AQn^gnent P was reached with respect to some or ell of the claims in question. □ was not reached. 

aJ/a 



Clairnsrdiscussed: 



Identification of prior art discussed: 



/v/A 



Description of the general nature of what was agreed to if an agreement was reached, or any other comments: £)C ( L/j^ fytA^/ ^~ 

w&4 cuyyitc/-fe 



ItJrt!^ 2?«r iPt J° n ' if and 8 ? PV ° f t 5 e » mendments ' if available, which the examiner agreed would render the claims allowable must be 

attached. Also, where no copy of the amendments wh.ch would render the claims allowable is available, a summary thereof must be attached.) 

Unless the paragraphs below have been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION i«5 
NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1 - 7 on thffiSS £ 

last Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview 



It is not necessary for applicant to provide a separate record of the substance of the interview. 



D ^^J^Z'^JS^^ *T m *? f*^ < includin S an V attachments) reflects a com pjet* response to each of the objections, sections and 
requirements that may be present in the last Office action, end since the claims are now aHowabW this completed form is considered toiulfill the 
response requirements of the last Office action. 




rn 
x 

X 



Proc Sail Mod on CM 

Vol. 80, pp 825-829, February 1983 

Immunolopv 



Immunoglobulin gene expression in transformed lymphoid cells 

{gpt /transformation) 

Vernon T. Oi*, Sherie L. Morrison*, Leonard A. Herzenberg*, and Paul Berg* 

Departments of *Ccnehcs and 'Biochemistry, Stanford University School of Medicine, Stanford, California 94305, and tDeparlmenl of Microbiology and the Canoe* 
Center, Institute of Cancer Research, College of Physician $ and Surgeons of Columbia University, New York, New York 10u32 



Contributed by Leonard A. Herzenberg, October 15, 1982 

ABSTRACT Myeloma, hybridoma, and thymoma cell lines 
have been successfully transfectcd for the Escherichia coli xan- 
thine-guanine phosphoribosyltransferase gene (gpt) by using the 
plasmid vector pSV2-gpt. The transformed cells synthesize the 
bacterial enzyme 5-phospho-a-D-ribosc-l-diphosphate:xanthine 
phosphoribosyltransferase (XCPRT; EC 2.4.2.22) ana" have been 
maintained in selective medium for over 4 months. Lymphoid cell 
Hnes expressing a k immunoglobulin light chain were obtained by 
transfecting cells with pSV2-gpt containing a rearranged k light 
chain genomic segment from the S 107 myeloma cell line. The S107 
light chain is synthesized in gpt-transformed J55SL myeloma cells 
and is identical to the light chain synthesized by the S 107 myeloma 
cell line, as judged by immunoprecipitation and two-dimensional 
gel electrophoresis. Furthermore, thi« light chain is synthesized 
and secreted as part of an intact antibody molecule by transformed 
Kybridoma cells that normally secrete an IgGl (y,#c) antibody 
molecule. No b'ght chain synthesis was detected in a similarly 
Brahsformed rat myeloma or a mouse thymoma line. 

Techniques to introduce novel genes into eukaryotic cells pro- 
vide a powerful tool to study mechanisms of gene regulation and 
expression. Most studies on eukaryotic gene expression have 
b^en conducted in heterologous host cells— i.e., genes have 
beSn transfected into cell types (particularly human HcLa and 
mouse L cells) that normally do not express the gene of interest 
(t=<3). Though a great deal has been learned about eukaryotic 
regulator sequences with these gene transfer experiments, it 
w^yld be preferable to transfer genes encoding proteins ex- 
pressed during differentiation back into the cell type that nor- 
mally expresses the genes of interest The appropriate cell type 
provides protein modification systems, such as gKcosyltrans- 
fepases, necessary to make fully biological functional products. 
Inaddition, the appropriate cell type may be used to study tis- 
sue-specific regulation of gene expression. 

To undertake studies of (i) the regulation and expression of ' 
immunoglobulin genes, (it) the biosynthesis, chain-assembly, 
and secretion of immunoglobulin heavy and light chains, and 
(Hi) structure-function correlates of antibody molecules, we 
have explored techniques for transfection of lymphoid cells us- 
ing the pSV2-gpt vector (4, 5). This DNA can express the Eco 
gpt gene encoding xanthine-guanine phosphoribosyltransferase 
(XCPRT; 5-phospho-a-D-ribose-l-diphosphate: xanthine phos- 
phoribosyltransferase, EC2.4.2. 22). Cells synthesizing XGPRT 
can be grown with xanthine as the sole precursor of guanine 
nucleotide formation (4, 5). Successfully transformed cells can 
be isolated by their ability to grow in medium containing xan- 
thine and mycophenolicacid, an inhibitor of guanine nucleotide 
synthesis, if the transformed cell line is hypoxanthine phos- 
phoribosyltransferase-negative (HPRT"; IMP pyrophosphate 
phosphoribosyltransferase, EC 2.4.2.8), transformants can be 
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selected in hypoxanthine/aminoptenn/thymidine (HAT) me- 
dium (6). In the present experiments both calcium phosphare 
precipitation (7, 8) and protoplast fusion (9) techniques ba^ 
been used to transfect cells, 

pSV2-gpt containing a rearranged /c light chain gene (10) wis 
used to transform several cultured lymphoid cell lines, Amoi^ 
the gpt transformants were clones that produce a new imm;- 
noglobulin b'ght chain. The light chain produced by these trais- 
formed cell lines appears to be identical to the light chain s\t- 
thesized by the myeloma cell from which the rearranged geitf 
was isolated. Furthermore, in transformed hybridoma ceL. 
this light chain is assembled with an immunoglobulin hea^ 
chain and secreted as a complete antibody molecule. 

MATERIALS AND METHODS 

Cell Lines. J558L is a spontaneous heavy chaj n -loss- vans t 
myeloma cell ITne obtained from the J558 cell line [a, A, anti-cl- 
3 dextran (11)] that synthesizes and secretes a A light chain V> 
Agl.2.3 is a HPRT" rat mveloma cell line onemaJIv dpscnSrJ 
by Calfre et ai (12) that synthesizes ami secretes a rat k hc~r 
chain. 27-44 is a HPRT" mouse IgUl anti-dansyl h\ bndoma cfu 
line (13), and BW5147 is a HPRT", ouabain' AKR thvmona 
originally described by Hyman and Stallings (14). Cell lr/r> 
were maintained in either 10% newborn calf serum in D~J- 
becco's modified minimal essential medium (D.ME medium :r 
10% fetal calf serum in alpha modified minimal essential ra- 
dium. 

Recombinant DNA Vectors. The plasmid vector p$\2-r^r 
has been described (4, 5). Fig 1 shows a partial restriction f> 
zyme map of this vector. A second vector, which is derived fnc 
pSV2-gpt, but contains the herpes simplex thymidine hrn^ 
promoter inserted 5' of the gpt gene, was constructed by J -F 
Nicolas (unpublished data). pSV2-S107 was constructed b> in- 
serting a BamHl fragment containing the entire rearranp^J 
phosphocholine-specific k chain gene from the S107 myelona 
cell line (10) into the unique BamHl site in pSV2-gpt. The lip: 
chain gene is oriented so that the direction of transenptioc 3 
opposite to the gpt gene (Fig. 1). The genomic rearranged SK7 
k light chain DNA was a gift from M. Scharff. 

Transfection by Protoplast Fusion. Protoplasts were pre- 
pared essentially as described by Sandri-Goldin et oL (9). Esch- 
erichia coli K-12 strain HB101, containing the appropriate pbs- 
mid, was grown at 37 Q C in Luria broth containing 1% glucc*? 
to an absorbance at 600 nm of 0.6-0.8. Chloramphenicol wis 
added to 125 /ig/ml, the culture was incubated at 37°C for 12- 
16 hr to amplify the plasmid copy number, and the cells were 
harvested by centrifugation. For every 25 ml of culture, 1 £5 
ml of chilled 20% sucrose/0.05 M Tris-HCl (pH 8) was added, 



Abbreviations: XCPRT, xanthine-guanine phosphonbosyltransferaxr. 
HPRT, hypoxanthine phosphoribosvltransferase, HAT, hypoxanlhL** / 
aminopterin /thymidine, D.ME medium, Dulbecco's modified mirumJ 
essential medium, 
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the bacteria were suspended and 0 25 m! of lysozyme [a freshly 
prepared solution of 5 mg/ml in 0 25 M Tris HCl (pH 8)] was 
added After 5 mm of incubation on ice, 0.5 ml of 0 25 M EDTA 
(pH 8) was added and incubation on ice was continued for an - 
additional 5 mm. After addition of 0.5 ml of 0 05 M Tris*HCI 
(pH 8), the bacteria were transferred to a 37°C water bath and 
were incubated for 10 min. At this rime examination of the bac- 
teria with a phase-contrast microscope showed that the vast 
majorit) had been converted to protoplasts. The bacteria were 
diluted with 10 ml of DME medium containing 10% sucrose 
and 10 mM MgCI 2 that was warmed to 37°C After further in- 
cubation for 10 min at room temperature the protoplasts were 
ready for fusion. 

Fusion of protoplasts with suspension cells was effected with 
a procedure normally used in the production of hybridomas 
(15). Cell lines were grown to a density of 0.3-1 x 10 6 cells per 
ml in DME medium supplemented with 10% newborn calf 
serum. Five milliliters of the protoplast suspension was added 
to2 x 10 6 cells in growth medium. The mixture was centrifuged 
for 5 min at room temperature at approximately 500 X g. The 
supernate was aspirated and the pellet was resuspended gently 
in 2 ml of a polyethylene glycol solution [50 g of polyethylene 
glycol 1,500 (BDH) in 50 ml cf DME medium] adjusted to pH 
8 with C0 2 . After 3 min of centrifugation at 500 x g the poly- 
ethylene glycol was diluted with 7 ml of DME medium while 
resuspending the pellet. After 5 min of centrifugation at 500 
x g, the supernate was removed carefully and the cells were 
resuspended in DME medium containing 10% newborn calf 
serum and garamycin at 100 jig/ml and were plated either in 
96-well or 24-well plates. After 4S hr, cells were diluted with 
an equal volume of DME medium containing xanthine at 250 
Mg/ml. hypoxanthine at 15 Mg/ml mycophenohc acid at 6 fig/ 
ml, and 10% newborn calf serum. Every several days, as re- 
quired, spent medium was aspirated carefully and was replaced 
with fresh medium containing the same supplements. Colonies 
of transformants were visible by 10 days. Transformants were 
maintained in selective medium, 

Transfection by Calcium Phosphate Precipitation. Lym- 
phoid cell lines grown m suspension were transacted by cal- 
cium phosphate precipitation as described by Chu and Sharp 
(7) Ten times concentrated HeBS buffer wa> stored at -20°C 



Fig. 1. Structure of the vector* 
used for lymphoid cell transforma- 
tions. The diagram of the parental 
pSV2-gpt plaamid vector waj talen 
from Mulligan and Berg {4, 5): pBR322 
DNA is represented by the solid black 
lines and the plaBmid's DNA replica- 
tion origin and ^-lactamase geoe are 
indicated; the gpt gene sequence lb 
represented by the hatched segment*; 
simian virus 40 (SV40) sequence* are 
the stippled segment*. 'Hie SV40 ori- 
gin of DNA replication (ori) and early 
promoter are located 5' of the gpt se- 
quences. pSV2-gptTKpr has an inser- 
tion of 250 base pairs, containing the 
herpes simplex thymidine kinase pro- 
moter, between the gpt gene and the 
SV40 early promoter (unpublished 
data). pSV2-S107 has a 7-kilobase 
BamHl fragment, containing the en- 
tire genomic S107 light chain gene, 
inserted into the unique BamKl site 
of pSV2-gpt. This rearranged light 
chain gene is oriented in the oppoeite 
direction to gpt and contains the leader, 
V, and k constant region exons as well 
as flanking 5' and 3' sequences. 



until used, whereupon it was diluted to two times concentrated 
and adjusted to pH 7.05 Plasmid DNA (80 fig/m\) was made 
up in 125 mM CaCI 2 which was stored as a 2 M stock solution 
at -20°C. DNA-calcium phosphate precipitates were formed 
by dropwise addition of the DNA into the HeBS solution The 
precipitate formed in 30 mm at room temperature The final 
DNA concentration was -40 /tg/ml. 

Cells were washed once in serum-free medium and were 
suspended directly in the DNA-calcium phosphate precipitate 
(10 6 cells per 20 ftg of DNA per 0.5 ml). This suspension was 
incubated at 37*C for 30 min and then was diluted 1:10 in 
serum-containing medium. The cells were plated either into 24- 
well plates (2 x 10 s cells per well) or 96- well plates (2 x 10* 
cells per well). Transfection of f3 cells was done as described 
by Craham and Van der Eb (8) lor adherent cell lines. The DNA- 
calcium phosphate precipitate was put directly onto the cell 
monolayer. After 30 min at 37°C, serum-containing medium 
was added. After 24 hr, half of the medium volume from each 
culture was removed and was replaced with fresh medium. On 
days 3, 4, 5, 8, 11, and 14, half the medium volume was re- 
moved and HAT medium was added. Transformed colonies 
were visible between 10 and 21 days. 

Immunoprecipitations and Gel Electrophoresis. Immuno- 
precipitations were done with PSjmethionine-labeled cell ly- 
sates and supernates. Biosynthetic labeling procedures have 
been described (16). Rabbit anri-mouse light chains, rabbit anti- 
mouse k light chains, rabbit anti-mouse immunoglobulin, and 
a hybridoma anti-mouse IgCf allotype antibody were used for 
immunoprecipitations. Staphylococcus aureus, Cowan scram 1 
(IgCsorb. Enzyme Center, Boston) was used to coprecipitate 
the antigen-antibody complexes (16). 

One-dimensional NaDodS0 4 /polyacr>lamide slab electro- 
phoresis and two-dimensional nonequilibrium gradient grl 
electrophoresis were done as described (17). Autoradiography 
of polyacrylamide gels was with preflashed XAR-5 film and fluo- 
rography by using sodium salicylate (18) 

RESULTS 

Transfection Frequencies. The frequcnc> at which stable 
transformed lymphoid cell lines were generated was influenced 



Immunology: Oi et al 



fV~ >L Acad Sa USA HO (1983) S27 



b> every parameter tested. Different cell linos and different 
vectors produced different transformation frequencies. More- 
aver, the two DNA delivery procedures, protoplast fusion and 
calcium phosphate precipitation, yielded different transfor- 
mation frequencies. Tables i and 2 summarize the results by 
using protoplast fusion and calcium phosphate precipitation, 
respectively. 

Under the present experimental conditions, BW5147 ap- 
pears to be the least competent recipient of the cell lines tested, 
having a .transformation frequency of approximately 10~ 6 . Y3 
and 27-44 yielded frequencies in the range of 0.3 to >5 X 1(T 6 . 
In the present experiments, J55SL yielded the highest fre- 
quency with the range of 3 x 10" 6 to >IQ~ 4 . Protoplast fusion 
appears on balance to be a more efficient delivery system than 
calcium phosphate precipitation. 

A striking feature of these results is the enhanced transfor- 
mation frequency for gpt obtained with the light chain-contain- 
ing vector, pSV2-S107. This dramatic increase is evident when 
the pS V2-S107 vector was used with the J558L and Y3 myeloma 
cell lines; transformation with this recombinant was 5- to at least 
10-fold greater than that obtained with the other vectors. Trans- 
formation of the hybridoma 2744 cell line was increased only 
about 2-fold with pSV2-S107. The sequence(s) in the pSV2-S107 
insert that is responsible for the enhanced transformation fre- 
quency must yet be mapped. Transformation of the Y3 cell line 
occasionally greater with pSV2-gptTKpr than with pSV2- 
g|S (Table 2). Regardless of which vector was used, B W5147 
tcbisformants were detected only at very low frequencies. The 
ai&bunt of XGPRT activity in cell lines stably transformed by 
tfie three recombinant plasm ids was not significantly different 
(Ftjg. 2 and data not shown). 

JlCPRT Activity. The transformed cell lines expressed the 
Eqo gpt gene, as measured by the presence of XGPRT activity 
uflihe cell Iysates. E. coli XGPRT can be distinguished from 
ntarnmalian HPRT activity by its different electrophoretic mo- 
bility (4, 5). In cells selected for resistance to mycophenotic acid, 
b£|h the cellular HPRT and bacteria! XGPRT activities were 
detectable (Fig. 2). Cells lacking their own HPRT activity and 
selected for gpt in HAT medium had onlv the bacterial enzyme 
activity (Fig. 2). 

'Immunoglobulin Light Chain Expression. The organization 
ofeexons in the S107 genomic light chain gene is shown in Fig 
1 Jto produce the S107 light chain protein from this gene, two 
introns must be processed from the primary mRNA transcripts 
and the leader polypeptide removed by post-translational cleav- 
age. For secretion of the light chain as part of an intact antibody 
molecule, the newly synthesized light chain must fold and as- 
semble with an immunoglobulin heavy chain to form an H2L2 
tetramer. This also involves the formation of interchain disul- 
fide bonds. 

Table 1. Transformation of lymphoid cell lines with the 
pSV2-gpt vectors by using protoplast fusion 

CelJ une 

Vector J558L BW5147 

pSV2-gpt 21/288* 27/36* 0/76* l/4fit 
pSV2-gptTKpr 10/190* 24/36* 0/80* 1/48* 
pSV2-Sl07 186/192* 36/36* 4/96* 8/48* 
149/192* 

Results are from three experiments and are expressed as the number 
of culture wells having stable transfbrraante. 

* After protoplast fusion cells were plated in 96-well culture dishes at 
10 4 cells per well. 

♦Cells were plated at 10* cells per 2,0 ml of culture in 24-well dishes. 

* Cells were plated at 5 x 10 s cells per well in 96-well culture dishes. 



Table 2. Transformation of lymphoid cell lines with the pSV2- 
gpt vectors by using calcium phosphate precipitation 

Cell line 

Vector Y3 27-44 BW5147 

pSV2-gpt 3/48- 10/192* 1/192* 

pSV2-gptTKpr 19/48* " 10/192* 1/192* 
pSV2-S107 47/48* 43/288* 0/192* 



Results are from three experiments with the Y3 cell line and two 
experiments with 2744 and BW5147 cell lines. 

• Cells were plated in 24-well culture dishes at 2 x 10 6 cells per well. 

* Cells were plated in 96-well culture dishes at 4 x 1Q 4 cells per well 

Of the four cell lines stably transformed with pSV2-S107, tie 
J558Lc^ll line synthesized^ but did not secrete, the S107 k light 
chain. However, this cell line was not expected to secrete the 
newly made light chains because heavy chain-loss-variants of 
the S107 myeloma cell line also do not secrete endogenous light 
chains (M . Scharff, personal communication) rransformants ot 
the 27^4 nybndoma cell line synthesized and secreted the S107 
light chain.. Moreover, the S107 light chain was assembled into 
tetrameric H2L2 immunoglobulin molecules with the endoge- 
nous ylJieavy chain and was secreted Tweive independently 
-transformed f 3 ami ^cven BWdlfl cell lines did not produce 
detectable amounts of the S107 light chain, as judged by im- 
munoprecipitation and gel analyses. XGPRT analyses verified 
that these cells were, indeed, rransformants. 

Autoradiograms of two-dimensional polyacrylamide gels 
showing the apparent M r and charge of the light chains pro- 
duced by J558L and 27-44 rransformants are shown in Figs. 3 
and 4. The two-dimensional gel pattern of the S107 light chain 
synthesized by S107 myeloma cells is included to show that the 
transformed cell lines produced a light chain that is identical 
in apparent M r and charge. The two-dimensional gel patterns 
also show that the leader polypeptide was removed in trans- 
formed cell lines that expressed the light chain. This indicates 
that proper transcription, mRNA, and protein processing occur 
in the transformants. Transcription of the S107 light chain gene 
probably occurs from its own promoter, because the light chain 
gene is oriented opposite to the direction of the SV40 early pro- 
moter (see Fig. 1). 

The antibodies secreted b> 27-44 transformants were im- 
munoprecipitated with both h>bridoma anti-lgCl allotypic an- 
tibody and rabbit anti-mouse light chain antisera Both reagents 
precipitated the 5107 light chain (data not shown). Sequential 
precipitation, first with the hybridoma anti-lgCl antibody and 
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FlG. 2. XGPRT and HPRT production in transformed lymphoid 
cell lines. Enzyme analyses were done as described by Mulligan and 
Berg (4, 5). Lanes: 1 and 2, electrophoretic mobility of m&ran&li&n 
HPRT; 3-5, J558L cell transformants; and 6 and 7, transformants of 
the 2744 cell line. Because 27-44 is a HPRT" cell line, only .XGPRT 
is present 
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Fig. 3. S107 light chain produced by transformed 27-44 cells. Au- 
to radiograms of two-dkaenaional gels of the light and heavy chains 
produced by parental and transformed cell lines are shown. (A) Pa- 
rental 27-44 IgGl anti-dansyl antibody immunoprecipitated with an 
-an ti-IgGl -specific hybridoma antibody. Both the yl heavy and * light 
chains can be seen. (B) S107 IgA antibody immunoprecipitated with 
a rabbit anti-IgA antiserum. The a heavy chain was distinguished 
clearly by charge and apparent M r from the yl heavy chain in A. (O 
A mixture of the immunoprecipitates of A and B. The two k light 
chains ran be seen as distinct spots (indicated by arrows) having 
nearly identical charge but different apparent M r [D) Imraunoprecip- 
itate of a transformed 27-44 cell line. Only the yl heavy chain was 
present, but two light chains can be seen. In this case the amount of 
S107 light chain was considerably lower than in the artificial mixture 
shown in C. 

then with the rabbit anti-K antisera, indicated that little, if any, 
free SI 07 light chain wa$ secreted bv these ^1 Is This shows that 
the S107 light chain is assembled with the yl heaw chain into 
.in intact antiooav molecule. 

LWierent amounts oi S107 light chains were produced when 
a number of independent J558L and 27-44 transformant.s were 
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Fig 4. S 107 light chain produced by transformed J 558 Lee lis. Au- 
toradiograms of two-dimensional gels of light chains immunoprecip- 
itated from cell lysates of J558L transformed with pSV2-S107 DNA 
are shown Because J558L does not produce a heavy chain, only the 
light chain portions of the two-dimensional gels are shown. (A) A light 
chain produced by the parental J558L cell line. CB) S107 k light chain. 
(O A mixture of the two light chains. Hie k and A light chains are 
distinguished on the basis of both charge and apparent M r (D and E) 
Two independently derived J558L cell lines transformed with pSV2- 
S107 DNA The transforms^ t examined in D only appears to produce 
larger quantities of the S107 * light chain than the endogenous J658 
A light chain, because the S107 k chain is synthesized and remains in 
the cytoplasm, while the J558 A chain is synthesized and secreted. 

compared. Amounts varied from barely detectable to quantities 
equal to endogenous light chain. This variation may be due to 
the chromosomal region where the light chain has integrated. 
It also could result from different copy number of the light chain 
gene in different transform ants. Quite possibly, mutations or 
deletions of sequences needed for the expression of this gene 
could have occurred during transformation or subsequent to 
integration of the light chain sequence. Further studies are 
needed to determine the cause of this variation and why light 
chain expression does not occur in Y3 or BW5147 cell lines 
transformed with the same light chain gene vector. 

DISCUSSION 

These -experiments show that it is possible to use two methods, 
calcium phosphate precipitation and protoplast fusion, to intro- 
duce genes into lymphoid cells. With pSV2-gpt containing the 
gene for an immunoglobulin light chain (pSV2-S107)both meth- 
ods give rise to transformahts that synthesize bacterial XCPRT 
and the murine light chain. Higher transformation frequencies 
are seen following protoplast fusion. Indeed, by using protoplast 
fusion and the pSV2-S107 plasmid, transformants can be ob- 
tained at a frequency of greater than lO" 4 . Transformation fre- 
quencies are lower when using the other plasmids or calcium 
phosphate precipitation. Because mycophenolic acid resistance 
or reversion of the HPRT" phenotype do not occur sponta- 
neously in the cell lines used, stable transformation, at even low 
frequencies, can be detected. 

A surprising result is the increased frequency of gpf trans- 
formation when the S107 light chain is incorporated into the 
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p5V2-tfpt vector. This enhancing effect occurs with both the rat 
and mouse myelomas. A similar increased trans for nut ion fre- 
quency has been observed with a bov ine papillomavirus vector 
containing the human £-gIobm region sequence* (19). At pres- 
ent, the mechanism for the increased transformation frequency 
in both cases is obscure. Possibly, the chromosomal DNA pro- 
vides an origin of DNA replication, which permits the plasmid 
to replicate within the transformed cell and increases the trans- 
formation frequency. Transcription from the immunoglobulin 
promoter cannot be essential for the increased transformation 
frequencies because deletion of the fragments that are pre- 
sumed to contain the immunoglobulin promoter region does not 
abolish the enhancement of transformation! It also is possible 
that pSV2-S107 is more efficient for transformation because of 
increased XGPRT production; this seelms unlikely because 
there are no consistent differences in enzyme levels in the stable 
transformants obtained with either vector. 

DNA-mediated gene transfer into lymphoid cells may permit 
a study of the regulation and expression of immunoglobulin 
genes in cells in which they normally are synthesized. It may 
be possible to examine the basis for differential immunoglobulin 
gene expression at different stages of lymphocyte differentia- 
tion. Cell lines in which immunoglobulin synthesis ca j be in- 
duced (20-22) are suitable hosts to determine if the transduced 
immunoglobulin genes also are responsive to those signals. 

Studies with celk transformed with genetic elements that are 
"f-tndncible by steroid hormones demonstrate that transduced 

^DNA can respond, if the cell contains the appropriate receptors 

Zu A question of central importance is what determines the uti- 
lization of various promoters and thus the synthesis of defined 
/proteins in certain cell lines. In our experiments light chains 
r are efficiently produced in both transformed mouse myeloma 
: ^and hybridoma cell lines. However, light chain production did 
^Sot occur in either a rat myeloma or a mouse thymoma. The 
:£ inability of the immunoglobulin promoter to function in a dif- 
--ferent species has been reported by Falkner and Zachau (24) 
3he lack of production of mouse immunoglobulin in a rat my- 
-eloma is surprising because mouse myelomas have been used 
to fuse to rat myelomas to produce hybrid cells that synthesize 
^bbth rat and mouse immunoglobulin molecules (25). The pos- 
sibility that the S107 light chain is synthesized but rapidly de- 
graded in the Y3 myeloma has not been excluded. 
~~ There is evidence that differentiated cell types express im- 
munoglobulin genes to varying levels. For example, somatic cell 
hybridization of myelomas yields hybridomas that produce an- 
tibodies, whereas thymomas yield hybrid cells with T-cell phe- 
no types (26). Furthermore, hybridization of myelomas with 
non-8 cells results in cessation of immunoglobulin production 
(26, 27). The lack of Ughi chain expression in the transformed 
thymoma may reflect tissue-specific gene regulation. It is im- 
portant to determine if immunoglobulin gene expression in the 
nonexpressing mouse thymoma and rat myeloma cell fines is 
regulated at the level of transcription, RNA processing, trans- 
lation, or rapid protein turnover. 

The study of the structure and function of the immunoglob- 
ulin molecule has been of great interest, both because of the 
ability of immunoglobulin to react with a diverse family of li- 
gands and also because of the biologic importance of antibody 
molecules. Initially, the study of immunoglobulins was limited 
to the study of heterogeneous serum pools after immunization. 
The advent of myelomas, and more recently hybridomas, has 
permitted the study of homogeneous populations of antibodies. 
DNA-mediated transfection and immunoglobulin gene expres- 
sion is an important tool to permit the study of immunoglobulin 
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molecules. Bv using this technique, it should be ivKsibJ** :s 
studv the function of both no\ei chain combination* and no\e: 
chain structures. In vitro sae-ipcclfic mutagenesis lechmquv* 
can be used to construct specific mutations in immunoglobulin 
genes that can be expressed after transfection. Because signif- 
icant quantities of immunoglobulin are produced in the tran>- 
formants, sufficient quantities of protein necessary- for detailed 
analyses should be obtained. 

Note Added in Proof. After this paper was submitted for publication 
we learned that Douglas Rice and David Baltimore have reported sir - 
ilar results with a different #c light chain gene and different lymphosi 
cell recipients (28). 
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Binding activities of a repertoire 
of single immunoglobulin 
variable domains 
secreted from Escherichia coli 
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^In antibodies, a heavy and a light chain variable domain, VH and 
VL, respectively, pack together and the hypervariable loops on 

-each domain contribute to binding antigen 1 " -4 . We find, however, 
that isolated VH domains with good antigen-binding affinities can 
also be prepared. Using the polymerase chain reaction 5 , diverse 
libraries of VH genes were cloned from the spleen genomic DNA 
of mice immunized with either lysozyme or keyhole-limpet 

; haemocyanin. From these libraries, VH domains were expressed 
and secreted from Escherichia coli. Binding activities were detected 

"against both antigens, and two VH domains were characterized 

Jwith affinities for lysozyme in the 20 nM range. Isolated variable 
domains may offer an alternative to monoclonal antibodies and 
serve as the key to building high-affinity human antibodies. We 
suggest the name 'single domain antibodies (dAbs)' for these 
antigen binding demands. 

We have analysed the interactions with antigen of individual 
domains of the anti-lysozyme antibody, DI.3 (ref. 1). The VH 
domain was expressed in E. coli and secreted into the peri- 
plasm 6,7 , alone or in association with the V* domain (fig. 1). 
Analysis of culture medium, by passage through a lysozyme- 
Sepharose affinity column 8 , followed by SDS-PAGE 9 revealed 
that both the isolated VH domain, or the associated Fv fragment, 
could bind to lysozyme, and could be purified to homogeneity 
in a single step, with yields of -200 fig I" 1 and 10 mg I" 1 , respec- 
tively. The VH domain appears to be monomeric by FPLC 
(Pharmacia, Superose 12 column). The N-termina! sequences 
of both domains were checked by gas-phase protein 
sequencing 1011 . 

As shown in Table 1, the affinity of Fv fragment for lysozyme 
and the stoichiometry of binding of the VH domain to lysozyme 
were determined by titration using fluorescence quench tech- 
niques. The affinity of VH domain for lysozyme was determined 
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TABLE 1 Affinities of Fv fragment and VH domains for hen egg lysoiymt 
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19xl0 6 


NO 


NO 


VH-013 


12 


ND 


38X10 6 


0.075 


19 


VH3 


ND 


ND 


29xl0 6 


0 036 


12 


VH8 


ND 


ND 


3 3*10 6 


0088 


27 



Cultures of 500 ml were grown and induced (see Fig 1 methods), and 
the supernatant passed through a 0 45 p.m filter (Naigene). then through a 
5 ml lysozyme-Sepharose affinity column After washing with phosphate 
buffered saltne (PBS), the Fv fragment or VH domains were eiuted with 
50 mM diethylamtne. and analysed for purity by SOS-PAGE 9 . The proteins 
were titrated with lysozyme at 25 °C using fluorescence quench (Perkin 
Elmer LS 5B Luminescence Spectrometer) 27 to determine the number of 
active binding sttes. to measure the affinity of the Fv fragment and the 
stoichtomatry of binding of the VH domain (mole lysozyme per mole domain) 
The concentration of the VH domain of the Dl 3 antibody was determined 
by hydrolysis followed by quantitative amino-acid analysis The kinetics of 
lysozyme binding were determined by stopped-ftow (HI Tech Stop Flow SHU) 
at 20 °C under pseudo-first order conditions with binding sites in five to ten 
fold excess over lysozyme 28 . For the kinetics, the concentration of binding 
sites, not protein, was measured ND. not determined, is the second 
order rate constant for association, and k on is the first order rate constant 
for dissociation 

from the kinetics of binding. The affinity of the Fv fragment 
(3 nM ) is similar to the parent antibody (2 nM). The VH domain 
binds lysozyme tightly in an equimolar complex with an affinity 
for lysozyme (19 nM) which is only 10-fold weaker. Separated 
heavy and light chains have previously been identified with 
antigen 12 or hapten binding activities 13 although the affinities 
were poor, with no evidence for binding by single chains' 1,14 
rather than dimers 15 . 

In the Dl .3 antibody, lysozyme interacts extensively with both 
domains, and forms three hydrogen bonds to the V* domain, 
and nine hydrogen bonds to the VH domain. Binding of 
lysozyme buries -300 A* of Vk domain away from solvent, and 
400 A* of the VH domain 1 . Our results show, however, that the 
Vk domain makes only a small net contribution to the energetics 
of binding. This is surprising as the removal of a single hydrogen 
bond 16 or a single van der Waals contact 11 can lead to tenfold 
loss in affinity. The VH domain presumably binds to lysozyme 
in a similar way to the antibody, and this is consistent with 
inhibition of binding of the Fv fragment by the VH domain 
(data not shown, but see Fig, 1 legend). It is possible that the 
whole surface of interaction might reorientate slightly, perhaps 
by rocking on side chains, to create a new set of contacts 18 . 

The result prompted us to obtain VH domains with antigen- 
binding activities from antibody-producing cells. Previously we 
have demonstrated the cloning of immunoglobulin variable 
regions from hybridoma mRNA for expression of chimaeric 
antibodies, using the polymerase chain reaction (PCR) 5,19 . We 
now used PCR to amplify the rearranged VH genes from the 
spleen DNA of a mouse immunized with lysozyme (Fig. 2). The 
amplified DNA was cloned into the vector M13VHPCR1 (ref. 
19) for sequencing. The complete sequences of 48 VH gene 
clones were determined (data not shown). All but two of the 
mouse VH gene families 20 were represented, with frequencies 
of: VA (1), IIIC (1), IIIB (8), IIIA (3), 1IB (17), HA (2), !B 
(12) and I A (4). In 30 clones the D segments could be assigned 
to families SP2 (14), FLI6 (II) and Q52 (5), and in 38 clones 
the JH minigenes to families JH1 (3), JH2 (7), JH3 (14) and 
JH4 (14). The different sequences of CDR3 marked each of the 
48 clones as unique. Nine pseudogenes and 16 unproductive 
rearrangements were identified; of the clones sequenced, 27 
have open reading frames. Clearly we can generate, a diverse 
repertoire of VH genes using PCR, but cannot rule out a system- 
atic bias due to our choice of primers and hybridization condi- 
tions. VH gene libraries have also been generated using PCR 
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FK5. 1 Vectors for expression of VH and Vk domains Scheme showing 
inserts in expression vectors, a, pSWl-VHDl 3; b, pSWl-VHDl 3-VKD1 3, 
C. DSW1-VHD1.3-TAG1; d pSWl-VHDi.3-VKDl 3-TAG1; e. pSWl-VHPOLY. f, 
pSWl-VHPOLY-TAGl; and g, nucleotide sequence of pSWl-VHPOLY-TAGl 
insert. The amino acid sequence of the pelB leader and TAG1 are shown in 
italics 

METHODS. The vectors were assembled from pUC19 (ref. 29), synthetic 
oligonucleotides encoding the pelB signal sequence 30 peptide tag 24 , restric- 
tion site polylinker. and (as appropriate) cloned cDNA of the VH and V« 
domains of the D1.3 antibody (M. E. Verhoeyen, C. Berek and G. W , unpub- 
lished data) Recombinant plasmids were transformed into £ coli BMH71-18 
(ref 31), colonies selected on TYE plates 32 with lOOu-gmr 1 ampicillm 
(AMP) and 1% glucose (GLU). and toothpicked into 200 \l\ 2 x TY medium 32 , 
AMP. GLU in wells of ELISA plates Colonies were grown at 37 °C for 16-24 h 
Cells were pelleted, washed twice in 50 mM NaCI (200 ^0 and resuspended 
in 200 \i\ 2 x TY medium. AMP and 1 mM isopropylthiogalactoside (to induce 
expression) and grown for a further 16-24 h The cells were cooled, pelleted 
and supernatants screened for secretion of VH domains (by western blotting) 
or antigen binding activity (by direct ELISA). Western blot methods were 
essentially as in ref 22- supernatant (10 u.1) from the cultures was subjected 
to SDS-PAGE 9 and proteins then transferred electrophoretically to nitrocel- 
lulose The VH domains were detected by means of the peptide tag with 
9E10 antibody 24 However, the tag can be lost by proteolytic cleavage in 
culture, especially after prolonged growth of the bacteria Bound antibody 
was detected using horseradish peroxidase conjugated rabbit anti-mouse 
antibody at a dilution of 1 1000 4-chloro-l-naphthol (Sigma) was used as 
the peroxidase substrate. For direct ELISA, wells of Falcon ELISA plates 
were coated with antigen in phosphate buffered saline (PBS) overnight 
(3 mg ml -1 lysozyme, or 50 u.g ml" 1 KLH). then blocked with 2% skimmed 
_milk powder in PBS for 2 h at 37 °C. Bacterial supernatant was added and 
-Cibcubated at 37 °C for 2 h. D1.3-VH domains were detected with rabbit 
-^polyclonal antiserum raised against the D1.3 Fv fragment, using peroxidase 
'^Conjugated goat anti-rabbit immunoglobulin Tagged VH domains were detec- 
=4£d as described in western blotting except with 2.2'-azino-bis (3-ethylben- 
;:3zthiazolme-6-sulphonic acid) as the peroxidase substrate Three washes of 
^0.05% Tween 20 in PBS. were followed by three washes of PBS between 
v each step (only PBS washes before addition of blocker or bacterial super- 
natants). Competition ELISA was as above except that the binding of the 
. , =Fv fragment tagged on the Vk domain was competed against by untagged 
~)M domain. 

"from mRNA of human peripheral blood lymphocytes (J. Marks, 
Ip.G. & G.W., unpublished data) and from mRNA of mouse 
Spleen" 1 . 

.y\ Amplified DNA was then cloned for expression into a vector 
~:Which incorporates a C-terminal peptide tag to facilitate detec- 
tion of expressed VH domains (Fig. 1/). Bacterial supernatants 
were analysed by SDS-PAGE followed by western blotting", 
Jfnd bands of the expected size <M r *= 14,000) were detected for 
of the 17 clones by probing with antibody directed against 
the tag 23,24 . To screen for lysozyme binding activities, about two 
thousand colonies were toothpicked in groups of five into wells 
of enzyme-linked immunosorbent assay (ELISA) plates, and 
the supernatants tested for binding to lysozyme-coated plates. 
Twenty-one supernatants were shown to have lysozyme-binding 
activity, and some of the corresponding individual clones were 
prepared. 

Two of the clones (VH3 and VH8) with lysozyme-binding 
activities were sequenced (Fig. 3). They belonged to the same 
VH-gene (Kabat IIB) families and D-segment families (FL16) 
but had different J segments (JH2 and JH4). There were only 
six amino-acid differences between the (unrearranged) VH 
genes, but the sequences of CDR3 were completely different. 
The VH domains were purified and affinities for lysozyme deter- 
mined (Table 1). The affinities, in the 20 nM range, are similar 
to those of the VH domain of the D1.3 antibody. To check the 
specificity of binding, the three VH domains were also screened 
for binding to four other purified proteins (bovine serum 
albumin, insulin, keyhole-limpet haemocyanin (KLH) and cyto- 
chrome c), and to foetal calf serum, milk powder and plastic 
of microtitre plates. No binding was detected. (However, other 
cross-reactive VH domains have been found.) The VH-D1.3, 
VH3 and VH8 domains appear to bind to the same region of 
iysozyme, as they inhibit the binding of the Dl.3 Fv fragment. 

To test whether VH domains with other binding activities 
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FIG 2 PCR amplification of VH genes from mouse 
genomic DNA Agarose gel electrophoresis of 
amplified mouse VH DNA (left-hand lane) with 
markers 0X174 Haelll fragments (right-hand lane). 
METHODS Balb/c mice were hyperimmunized with 
hen egg-white lysozyme (100 jig antigen, 
intrapentonally on day 1 in complete Freunds 
adjuvant and on day 14 in incomplete Freunds 
adjuvant, followed by 50 p,g antigen intravenously 
on day 35, mice were killed on day 39) or similarly 
with KLH. DNA was prepared from the spleen and 
the rearranged mouse VH genes were amplified. 
Conditions were chosen to minimize annealing 
between the 3' ends of the two primers. The 
sample (50-100 p. I) included 50-200 ng DNA, 
VH1F0R-2 (5' TGA GGA GAC GGT GAC CGT GGT 
CCC TTG GCC CC 3') and VH1BACK primers 19 
(25 pm of each) 250 of each dNTP, 10 mM 
Tns-HCI pH 8.8. 50 mM KCI. 1.5 mM MgCl a . 
lOOp-gmn 1 gelatine The sample was overlaid 
with paraffin oil. heated to 95 °C for 2 mm. 65 °C 
for 2 mm, and then to 72 °C; Taq polymerase (2 
units. Cetus) was added after the sample had 
reached the elongation temperature and the reac- 
tion continued for 2 mm at 72 °C The sample was 

subjected to a further 29 rounds of temperature cycling using the Techne 
PnC-1 programmable heating block The amplified DNA was digested with 
Pst\ and SsfEll and fractionated on an agarose gel A band of about 350 
base pairs was extracted and cloned 

could be made, and whether immunization was necessary, a 
new VH-gene library was prepared from a mouse immunized 
with KLH. Culture supernatants from the two libraries were 
tested for binding to lysozyme or to KLH. The first library 
(immunization with lysozyme) had yielded 21 supernatants with 
lysozyme- and two with KLH-binding activities, whereas the 
second library (immunization with KLH, screening ^2,000 
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FIG. 3 Sequences of VH domains with lysozyme-bmdmg activities The 
sequences of the VH domains are aligned with that of the Dl 3 antibody 

colonies) yielded two supernatants with lysozyme- and 14 with 
KLH-bindtng activities. We conclude that VH domains can be 
derived, preferably after immunization, with binding activities 
to lysozyme and KLH and presumably other antigens. VH 
domains lack the cavity which can be formed with the V* partner 
however, and this might bias the binding activities against hapten 
binding 215 . The affinity of the VH domains (20 nM or 5 x 
10 7 M' 1 } for lysozyme lies within the range expected for the 
affinities of monoclonal antibodies for protein antigens, and can 
be improved by site-directed mutagenesis (unpublished data). 

VH domains with binding activities can be generated in a 
matter of days without recourse to tissue culture, and may also 
have other advantages over monoclonal antibodies. For 
example, the smaller molecule should penetrate tissues more 
; readily, could permit the blocking of 'canyon 1 sites on viruses 2526 
and allow epitope mapping at higher resolution. However, VH 
domains are relatively 'sticky', presumably due to the exposed 
hydrophobic surface normally capped by the Vk or VA domains. 
It should be possible to design VH domains with improved 
properties. We also envisage that VH domains with binding 
activities could serve as the building blocks for making Fv 
fragments or complete antibodies. For example, such VH 
domains could be co-expressed with a repertoire of V*c domains, 
derived by PCR amplification of Vk genes 19 and screened for 
association of the domains and antigen binding. This approach 
^ could prove valuable for building human antibodies of 
therapeutic value, and even for catalytic antibodies; for example, 
making Fv fragments in which the VH domain binds substrate, 
Jand side chains or prosthetic groups in the Vk partner stabilize 
rthe transition state or attack the substrate". D 
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Protease nexin-II (PN-II) is a protease inhibitor that forms 
SDS-resistant inhibitor)' complexes with the epidermal growth 
factor (EGF)-binding protein, the Y-subunit of ncne growth factor, 
and trypsin 1 "*. The properties of PN-II indicate that it has a role 
in the regulation of certain proteases in the extracellular environ- 
ment. Here we describe more of the amino-acid sequence of PN-II 
and its identity to the deduced sequence of the amyloid p-protein 
precursor (APP) 4 * 5 . Amyloid p-protein is present in neuritic 
plaques and cerebrovascular deposits in individuals with 
Alzheimer's disease and Down's syndrome 6-9 . A monoclonal anti- 
body against PN-II (designated mAbP2-l) recognized PN-II in 
immunoblots of serum-free culture medium from human glioblas- 
toma cells and neuroblastoma cells, as well as in homogenates of 
normal and Alzheimer's disease brains. In addition, mAbP2-l 
stained neuritic plaques in Alzheimer's disease brain. PN-II was 
a potent inhibitor of chymotrypsin with an inhibition constant K, 
of 6x 10" ,o M. Together, these data demonstrate that PN-II and 
APP are probably the same protein. The regulation of extracellular 
proteolysis by PN-II and the deposition of at least parts of the 
molecule in senile plaques is consistent with previous reports that 
implicate altered proteolysis in the pathogenesis of Alzheimer's 
disease 4 - 5 - 1 *-' 2 . 

Protease nexins are protein protease inhibitors that are synth- 
esized and secreted by various cultured extravascular cells. They 
form SDS-resistant complexes with certain serine proteases; the 
complexes then bind back to the cells and are rapidly internal- 
ized and degraded l ' IV,J . Protease nexin-I is a specific thrombin 
inhibitor when bound to the cell surface 1 *. It stimulates neurite 
outgrowth in cultured neuroblastoma cells 1 * 1 ' and primary 
chick sympathetic neurons 1 " and is reduced by about six-fold 
in Alzheimer's disease brain 19 . PN-II is unusually stable and 
forms complexes with target proteases even after incubation of 
the protein with SDS or at a pH of 1.5 (ref. 3). 

-We analysed the N-terminal amino-acid sequence of two 
peptides obtained from digestion of PN-II. Sequencing of a 
CNBr peptide of PN-II yielded a sequence that overlapped with 
the N-terminal sequence previously reported* (Fig. 1). Addi- 
tional sequence was obtained from a PN-II peptide generated 
by endoproteinase Lys-C. We searched the protein-sequence 
database of the National Biomedical Research Foundation for 
sequences with identity to the known sequence of PN-II. Identity 
was found with the deduced sequence for APP 4 ' 5 (Fig. 1). The 
only discrepancy was amino-acid residue 27 in PN-II, which 
we originally reported as a questionable phenylalanine 1 ; there 
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